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FOREWORD 


In accordance with established national goals, the Department of the 
Interior (DOI) and the National Aeronautics and Space Administration (NASA) 
entered into an agreement in Jmiuary 1974 for joint participation in a program 
of "Advanced Mineral Extraction Technology." It was stated that coal mining 
was to be the first priority of these efforts. Under this agreement, NASA has 
been utilizir^ its capabilities to assist the DOl's Bureau of Mines in achieving 
advanced mineral extraction goals. The advancement of longwall mining 
technology was given a high priority in this program. NASA's George C. 

Marshall Space Flight Center is currently engaged in selected research, develop- 
nient, and studies of mining guid:incc and control systems principally in support 
. 1 the longwall program. As of October 1, 1977, the longwall program manage- 
ment was transferred from the Bureau of Mines to the newly created Department 
of Energy (1X)E). The guidance and control work is now continuing in support 
of the DOE. 

This document is the annual report for the period October 1, 1976, 
through September 30, 1977, covering the work authorized under Bureau of 
Mines working fund agreement number H0155092 and NASA RTOP number 
776— il-11, entitled "Development of Mining (Guidance and Control Systems." 


* NASA NMI 1052.187 dated January 17, 1975 
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1.0 INTK()DUC?T10N 

This report describes the work performed by the National Aeronautics 
and Space Administration's (NASA) Marshall Space Flight Center (MSFC) for 
the Bureau of Mines during the 12 month period ending October 1, 1977* The 
work has been organized into two principal divisions, fundamental sensor 
research and development of a longwall shearer guidance arid control system, as 
described in NASA RTOP 77(5-41-11 dated November 22, 1976. 

The addition of the fundamental sensor research activity during this past 
year reflected the Bureau of Mines desire to broaden the scope of investigation 
of the application of certain scientific principles to the problem of residual coal 
thickness measurement, independent of their potential use in the longwall snearer 
guidance and control system. 

Research and development for a longwall guidance and control system 
continued in FY77 as tlie area of primary emphasis, expanding upon sensor and 
control system concept investigations performed in FY76 (1|, These longwall 
guidance and control system studies are scheduled for completion at the end of 
197S, and arc cx|)cctcd to lead to final decisions by the Bureau of Mines’ as to 
development of a prototy))c hardware system suitable for mine demonstration. 
Development of a practical guidance and control system longwall automation is 
expected to: 

(a) Remove more coal with less rock cut 

(b) Speed up cutting operations 

(c) Decrease equipment bre:tkdowns and reduce downtime 

(d) Reduce hazards, improve personnel hcald), and create safer working 
conditions. 

The Management Summary (Section 2.0) presents the project objectives, 
approach, results and conclusions, resources status, and recommendations for 
future development work.. Following tliis, a comprehensive report on technical 
results and special studies is presented in Sections 3.0 througli 6.0. Description 
and data arc given for the analytical, laboratory, and mine test work performed, 
including a summary of significant teehniciU results. 


1, Program responsibility transferred to Department of Energy as of October 1, 
1977. 


IXiring the reporting period, field tests were conducted by MSFC personnel 
at the Bureau of Mines CNperinicntal coal mine, Bruceton, Pennsylvania, and in 
coal mines of the Warrior Basin, Alabama. These field tests were made possible 
by the excellent cooperation of the Bureau of Mines personnel at the Pittsburgh 
Mining and Research Center and the Mining Enforcement and Safety Administra- 
tion (MESA) field offlee located in Birmingham, Alabama. 

The project was conducted under the direction of MSFC’s Mineral Extrac- 
tion Task Team. Project management and technical staff responsibilities are as 
follows: 


Manager 

Robert E. Pease 

Project Engineer — Control Systems 

Peter H. Broussard 

Project Engineer — St'nsors 

Richard J. Stein 

Project Secretary 

Betty T. Carlin/Marie Woolbright 

Program Planning and Control 

Doniild F. Bishop 

Science and Engineering: 


Task Leader 

Di\ R. A. C.amiibell 

Nucleonic Cll) 

Stephen D. Rose/Dr. E. W. 
J ones* 

Radar CH) 

Thomas A. Barr 

Sensitized Pick 

John L. Burch 

Surface Recognition 

Harry Reid/Joc E. Zimmerman 

CIU Dynamic Simulator 

Fred D. Roe 

Systems Engineering 

E. T. Deaton 

Vertical Control System 

John E. Farmer/Ralph R. Kissel 

Special Test Engineer 

Paul Fisher 

Yaw/Roll Control 

James R. Currie/Dr. E. W. Jones* 


♦Mississippi SUitc — Visiting I’rofossor 
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2.0 MANA(5EMENT SUMMARY 


2.1 Objectives 

The objectives for fundamental sensor work during the FY77 reporting 
period were as follows: 

(a) Categorize performance criteria and application potential for speci- 
fic sensor concepts 

(b) Identify and investigate scientific principles potentially applicable to 
coal thickness measuring. 

The objectives for longwall shearer guidance and control work were as 
follows: 


(a) Refine and test biboratory type coal interface detectors (CID’s) 

(b) Develop rcOncmcnts for the vertical control system simulation model 

(c) Determine whether there are promising alternate vertical control 
concepts 

(d) Determine y:iw and roll guidance :ind control concepts 

(e) Design an e.\pcrimcnt:d yaw and roll measuring device which can be 
integrated into the longwall shearer machine 

(0 Assist the Bureau of Mines as required in initiating development of 
prototype h:irdware. 

2.2 Approach 

The previous studies and cN|)eriments of interface detection sensors were 
pui'posely limited to the geological environment of the Pittsburgh Coal Seam and 
:ipplication to Uie longwall miner. The Bureau of Mines had indicated a desire 
to broaden sensor research to consider performance under a number of geological 
conditions, sensor application to a broader range of mining equipment, and to 
investigate the :ipplic:ibility of other scientific phenomena to sensors for interface 
detection. This year MSEC initiated work to identify and investigate new funda- 
mental interface sensor concepts, including tabulation of the physical and per- 
formmice char:icteristics of any new interface detector concept shown to be 
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feasible. 'Ihese investigations :ilso considered such data as were provided from 
Bureau of Mines Held surveys (c.g. geology of the coal interface, mining 
strategics, or other conditions applicable to underground coal mines). 

Studies of guidance and control techniques for the longwall miner have 
identified three basic systems for use in automated/remote controlled longwall 
mining, described as follows: 

(a) Vertical Control System (VCS) — The VCS consists of CID’s, last 
cut height sensors, shearer position/vclocity sensors, a digital controller, 
operation and display panels, and interface connections to the drum arm actuators 
and controls. The VCS provides continuous adjustment of the vertical position of 
the shearer cuttii^ drums as the machine proceeds along the face, extracting the 
desired portion of the coal scam, while minimizing the amount of rock mined. 

(b) Face Advancement System (FAS) — The FAS consists of a coal face 
alignment mcasuiing device (for yaw), display panels, a digital controller, an 
inclinometer (for roll) , and interface connections to the roof support and shearer 
tilt :ictuators. 

(c) Master Control Station (MCS) — The MCS consists of the necessary 
controls and information displays to permit operators to control the loi^all 
operation from the main gate location. The MCS :Uso serves to integrate auto- 
mated and nonautomated functions, and their control. 

Previously MSFC had identified several promising laboratory type CID’s, 
conducted analytical simuhitions, and defined preliminary concepts and require- 
ments for the VCS. Based on the results of this work, efforts continued this 
past year with the primary emphasis on the CID's, including additional improve- 
ments and evaluation, use of signal avor:iging to improve CID measuring accu- 
racies, and the study of the effects of CID accuracy on the V'CS performance. 
Studies of the previously reported VCS concept (for control of the drum in "real- 
time" with roof and floor ClD’s) were continued. Alternate VCS concepts, 
utilizing data from ptist cuts to predict the new cut interface, were also evaluated. 
For face alignment (yaw/roll), an experimental yaw angle measuring device 
which could be shearer mounted was studied, and fabrication plans were initiated. 
An off-the-shelf roll inclinometer was tested, and alternate alignment measuring 
tipproaches were :Uso considered. 

A system study which will more completely define the longwall guidance 
and control system design concepts, intcgr:ition of the various control functions 
(verticiU, yaw and roll), and hardware technical l•e(|lnl•e^Ments was initiated. 
Further objectives of these system studies are to detenniju; the practical degree 
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of automation, use and limits, considering such factors as interaction with the 
operators, safety, current equipment utilization, operational limitations, and 
the potential effect on face production and the cost of coal. 

It is planned that the system definition study, which will be completed in 
1978, will provide sufficient technical requirements (preliminary designs, 
specifications, etc.) and other data necessary to support a decision and RFP 
for procurement of a prototype mine demonstration system. 

It should also be noted that planning was initiated during the fourth quarter 
FY77 for guidance and control testing scheduled in 1978 at the longwall surface 
test facility, Bruceton, Pennsylvania. 

The schedule of the major activities performed and milestones completed 
in FY77 and planned for FY78 is shown in Figure 1. 

2.3 Results !ind Conclusions 


During the initial phase of the fundamental sensor development, eight 
scientific principles were identified that were believed to have some promise for 
use in coal thickness measurements (Table 1). These principles were investi- 
gated and the relative suit:ibility of each was presented to the Bureau of Mines, 
together with suitable recommendations by NASA/MSFC, for a decision of which 
ones to continue and which ones to eliminate. Those selected for continued 
development were natural background radiation, magnetic spin resonance, 
hydraulic drill, and acoustics. The progress on each of these concepts are 
summarized as follows: 

(a) Natural Background Radiation — Utilizing available laboratory instru- 
ments, natural background radiation measurements from overlying roof shale 
strata with various coal thickness residuals were made at two locations, Bruceton, 
Pennsylvania, and Graysville, Alabama. Radioactive potassium in the shale is 
the primary source of radiation measured. A significant amount of radiation was 
also detected from the floor at the Bruceton site (approximately 80 percent of 
the roof value). The data, to date, indicate a high potential of utilizing this 
concept as a viable coal depth measuring CID. Although measured deviations 
experienced were large, increased detector surface area and/or longer count 
times can be utilized to bring the measuring accuracy within acceptable toler- 
ances. Results obtained at the two locations were quite similar; however, tests 
at additional locations arc planned to increase confidence in this concept. 
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TABLE 1. FUNDAMENTAL SENSOR CONCEPTS 


Technique 

Measuring Principle 

Nabiral Background Radiation 

Measures the natural radiation flux 
emanating from shale. Coal thickness 
determined by attenuation of the 
radiation. 

Magnetic Spin Resonance 

Depends upon the presence of free elec- 
trons in coal but not in shale. Inter- 
acting an PF and magnetic field normal 
to each other. At the shale/coal inter- 
face, the signal amplitude drops; this 
is used as Uie interface locator. 

Acoustics 

The measurement is based upon detect- 
ing the reflection of an ultrasonic echo 
from tijc coal/share boundary. 

Hydraulic Drill 

Based u;x)n the water jet cutting through 
i'oal but n<>t roof rock. Coal thickness 
determined by mechanically measuring 
depth of cut. 

Electronic Capacitance 

1 

Based upon the principle that coal is a 
1 mixture of dielectric materials. 

Electrical Conthtctancc 

Based upon the electrical conductance of 
coal and possible changes in conductance 
properties arising from layered charac- 
teristics of cool scams. 

Infrared 

Possible differences in infrared radia- 
tion characteristics of coal and shale. 

Thermally Sensitized Pick 

Possible existence of thermal gradient 
when cutting cool and shale. 


(b) Magnetic Spin Resonance — The presence of free electrons in coal 
and their absence in shale cun be used to discriminate between these two 
muteri:ils. The discriminator is the absorption of measurable RF energy by 
the free electrons in coal. Laboratory experiments conducted by Southwest 
Resc:u'ch institute have substantuated tliis postulation by demonstrating an abrupt 



change in amplitude at the shale/coal interface, with averse values of coal 
measured at 85*5 dB as compared to shale values of 13.2 dB, a ratio of approxi- 
mately G:l* Preliminary experiments have therefore proved encouraging. 
Indicating that this technique is promising as a coal/shale interface sensor. 

(c) Hydraulic Drill — The concept of penetrating coal and not penetrating 
shale by adjusting the angle of incidence of a high pressure water jet appears to 
offer a promising interface sensor technique, whereby the depth of penetration 
can be measured mechanically to locate the interface. The University of Missouri 
has been contracted to perform .appropriate laboratory experiments to investigate 
this method. 

(d) Acoustics — Initial laboratory investigations of acoustics indicated 
that the coal was highly attenuative to an acoustic signal (more attenuative the 
higjicr the frequency); however, data indicate that it would be possible to 
discriminate thin coal layers ( 1 to 2 in. ) if a suitable couplii^ device could be 
devised. Thus far, only a water column has been identified as a possible method 
to couple the signal into the coal. Further investigations are planned to more 
broadly categorize acoustic properties of coal, to expand signal processing 
techniques, and to assess coupling techniques. 

ClD's identified for development us part of the longwall VCS (1) were 
subjected to extensive laboratory and field tests; the data were analyzed and 
problems contributing to measurement inaccuracy or uncertainty were identified. 
Techniques which offered a means to overcome those problems through redesign 
of the hardware were investigated and ev:i]aatcd. Progress on these CID's is 
summarized as follows: 

(a) Nucleonic CIO — The initial nucleonic sensors configured with a 
rigid frame have been redesigned. The new design is based upon the concept of 
indc]:>endently mounting the transmitter and receiver in separate housings which 
should follow the coal surface contour more precisely than doe<< the rigid firame 
model. The problems of ":iir gaps" disrupting the accuracy of the measurements 
should be reduced to an acceptable level, if not eliminated altogether. Fabrica- 
tion oi this design will be completed during the first quarter FY78, followed by 
laboratory and field tests to verify performance expectations. 

A mine permissible data display module was designed and fabricated 
during the rcfiorting period. It will t)c used in conjunction with the new sensor. 

(b) Radar CID — 'rho radar has demonstrated its ability to penetrate 
from 2 to ti in. of co:d, However, it has been found that moisture in the coal, 
as well :ui certain characteristics of the CW/FM configuration used, restricted 


the rndnr*8 ability to measure greater depths of coal repeate<tty and reliably. 
Evaluation of the test conditions and the radar itself led to the conclusion 
wider bandwidth systems as well as certain signal processing techniques offered 
possibilities to extend the depth measuring range. Currently a 0.7 to 4. 3 GHs 
CW/FM radar configuration has been designed, components ordered, and 
assembly scheduled for completion early in the second quarter of FY78. To 
assess Uie relationship between foequency and coal depth measuring oiq|>abUityt 
more advanced radar operating over a frequency range of 0. 7 to 8 GHz is also 
in design and will be fabricated for use during the third quarter FY78. S^al 
processing involves subtraction of the front reflection and correlation of Uie 
remaining signal to identify the interface signal. Algorithms for tiiis purpose 
arc currently under intensive study with the intent of selecting one that is sim|de 
and reliable to the extent that 60 percent of the measurements recorded will 
accurately identify the interface. 

(c) gensitized Pick — The sensitized pick has been designed and fabri- 
cated to be compatible with the Joy Longwall Shearer as well as for mine per- 
missibility. It is anticipated that underground tests will be performed using an 
opcratiiq; longwoll shearer at the Rochester and Pittsburgh Coal Company's 
Jane mine during the first quarter of FY7S to obtain characteristic data for 
evaluation. 

(d) Surface Recognition Sensor — Early evaluation of the performance 
of the penetrometer :uid the rcOcctomcter indicated that a more flexible instru- 
ment was necessary for satisfactory surface identification. The desired flex- 
ibility was accomplished by integrating these two devices into a sin^e module, 
which was designated a surface recognition sensor. Recognition is indicated by 
a voting logic circuit of the combined measurements of two reflectometers and 
one penetrometer. Two of throe compatible measurements is used, therefore* 
to identify the surface. Fabrication of this instrument* designated as a surface 
recognition sensor, is scheduled for completion durii^ the first quarter FY78. 

It will then bo subjected to laboratory and field testing to assess its performance. 

Studies of the VCS continued with refinement of the baseline mathematical 
model. Field tests were conducted to measure the dynamic responses of the 
Joy Longwall Shearer at Bruccton. and test data were gathered on the vibrational 
characteristics of the shearer drum arm on an operating longwall shearer. 
Dynamic data. CID error effects, drum filtering effects, and shearer configura- 
tion changes have been incorporated into the computer model. The model 
continues to predict stable operation over multiple cutting passes, and per- 
formances above 95 percent cool removal and less than two percent rock taken, 
oven where fairly large CID errors were assumed. Altenude VCS concepts 
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whldi ImdndMltte HorliBof CIO imasiinnneiits tnm pvtvloiw mta far pradBe- 
tion tfw interface fer ttie cut were etudled. Ouldanoe accuracy and stably 
WMe fMnd to be maiidnal when uaing prevtouB cut data only; however, edwn 
umd la ooajraoyon with realtime dD data on the cunreirt cut, atablUty waa 
inhaled wl^ «nne gain In <mtting accuracy attalaed at die lai^at dO error 
oaaea. Multt|de oonhlnatlom of the dD*a have been coi^dered. Although not 
alwaya necoBaai^, It waa diown that lor aome ndidng coadlttouB two or more 
do's would Improve rdlidillity and accuracy (e.g., a enal t l a e d pick and trailing 
dqidi sensor). An Investigation was lidtiated to determine whe^er automatic 
vertical control of dm rear (w door) cutting drum could he adiieved wUhout the 
the use of a *'Qoor*' dO, whidi Is at present dUBi^t to mount and protect. 

A promising iqqiroaidi has boon Mentlfiod using the roof as a reference (see 
Section 4.0). Several variations of this concept, using mechanical and remote 
electronic sensors for referencing drum tocation, will be studied for practicality 
and accuracy* 

Studies of die FAS have, to dale, been directed iwinoarily toward face 
profile measuring in two axes, yaw and roll. The roof support and advance and ’ 
face alignment sequence will te a fonctlon of the maimer in which the shearer is 
used to shear die face. However, the current concept envisions utilizing data 
from face aligmnont sensors, together with pre-eeti^ished computer programs 
for the advance sequence, to automatically control die forward movement of the 
roof siqiports and conveyor socUons after a cut has been made the shearer. 
Programmdile roof support systems currently exist but lack only die addition 
of fece alignment sensors to proidde closod-loop control. Present studies 
indicate that the yaw angle measuring instrument (which describes wnveyor 
path ahen moulded on the shearer) could provide foe locadon of the conveyor 
widiin :i 1 ft accuracy (if such accuracy is required) . Alternate methoefo ^ fece 
alignment measuring (yaw), such as the 'lost rope" (or buried cable) method 
tried in Europe, have been reviewed and may have potendal. This teihnlque 
measures total distance traveled by die chocks* When employed to locate chocks 
on face ends, dUs concept together with yaw angle profile measuring iqipears to 
be oim of the most promising systems for ascertaining the position of die fece. 
Roll measuring by use of an inclinometer offers a feasible approach to shearer 
roll control, but this must be dod in with the VC8, because the two foncUmis 
(VC8 and roll) are interdependent in achieving proper control of the longwall's 
forward advance through the seam* 

An RFP was coordinated with Bureau of Mines and released in September 
1977 for the cwiduct of guidance and control system studies. Tbese studies are 
to be performed in two phases. Inidally imly phase I will be contracted whidi 
will expand the depdi of analysis for the VC8 and FAS system and define the 




overall systom concept (VC8* FA8» and MCS as an integrated system) • Subse- 
quent to the approval ot the system concept in phase 1, it is anticipated that 
phase 11 will Ite initiated to pro^de a p.rellminary design ami definition of 
technioal requirements for a 'prototype system. " 

In the category of special stuettest a limited analysis was performed to 
determine tiie extent of potential benefits teat might be possible as a result of 
automating the longwall shearer. Althouih tee improvements to the safety and 
health of the operators are fairly c^ous by lowering their eiqposure to dust and 
other fiuie baaards. the effect on production and cost was of consideraUe 
interest. Using <teta published by the Bureau of Mines on longwall mining costs* 
data supplied the Jet Propulsion Lab* and results ot hffiFC's guidance and 
control studies* tec analysis resulted in several preliminary conclusions* 
summarized os follows: 

(a) Automating fit ; shearer would remove man-limiting footers* making 
it possible to attain shcoi or haulage S|icods in the range of 30 to 40 ft/min and 
correspondii^ face production rides in the vicinity of 2500 to 3000 tens/shift. 
This is contrasted with K to 12 ft/min :md 700 to 1200 tons/shift presently 
attained on a regular basis. ^ 

(b) However* current face conveyor capacities would limit shearer 
hnuloge speed to otqiruximately 20 ft/min and foco prodhiction to iqiproximately 
2500 tens/shift (for 0 ft seam* 500 ft face, and 50 percent longwall utilizatica 
.factor). 


(c) With tec higher production rates and conditions of paragraph (b) * 
the number of operating longwall faces in a given mine can be reduced. Also 
tee quality of the proteict (less lock, etc.) improves with an automated VC8. 

The analysis indicates that this will result in approximately a 20 percent reduc- 
tion in tee cost of coal after preparation (or approximately 15 percent with 
run-of-thc-mfne product) . This factor appeared to be quite cimsietent for mine 
sizes considered rmwdng from 1.3 to 3.3 million tons/year. 

(d) The effect of increased cost of the longwall due to automation was 
also considered. For this analysis, a 25 percent increase in longwall face equip- 
ment cost resulted in only a 1. 1 pt^rcent’ incrciise in coal cost, with longwall 


2, Rates obtainoUe during on operating shift. i»i annual averages. 

3. This relationship doc«s not hold true for other shift pioduction rates or mine 
sizes (c.g., at lower pnxluction rates thc> effect on coal price is greater* 
see Fig. 102) . 
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• I 

ngfMlt Ital i k a tto nri «}9mdttiir«i fbr taaprofOMnlt tp tlgalflotiiQy 
iBttrMM fm pNdBolioB niM (••g*, f»r antoaittioii. rtlliMiaiy, loirtr Bite^ 
tewnoet «to«) woiddbpqntleoMtettHrttvp. For way gtvm aatap tiliiiltoB, • 
detailed amlyBe would be reqnlrtd. 

(e) FtaeUy tt «u noted tlud the red n e ll en In oont of oo«l, ponlhle ndth * | 

Inereantng fhtft prodBolion raton* to not linnar nnd begtni to taper off or flntten 
out etonifleantty at rateo above 26M tona/iridft (diewieood to Seotfmi 5,0). ndo | 

ouggeota that the ea p aoHl ea of avatldile loogoaU oq u to» on t are ade qn a t e to take 
advantage of nort of the ootohwrftta from ktoherliaeeptodiiotlon rateo* The 
Implication of the ter^ppii^ to the gaWanoe and oontrd ayotem reonlreiaeat to 
that (1) parlloalar ait wdl on riiouid be given to rodk avoldanoe and 
dean ooal* (2) good atahUlty aad outtlag aomraoy meat be maintained at 
ahearer ape e d a to toe SO to 40 ft/aito range* and (8) guldanoe and oontrol egato* 
ment muat he very rdiahle* reoulre low maintenance, and be atmide to opertoo. 

2 o4 fttttwwnr v mwt torfVbtmyi gmHmHftna 

f 

The work c on d ucted in FY77 con t tm i ee to mxpiport toe Initial oowdudono 
reached at the end of FY70, wbidi todtotoed the technieal te aalbil i ty of devdqdag 
a practloal guidance and oontrol eyatem Cor automating the longwdl prooeaa. 

In adtotimi, the atucfiee indleatc there in a high probaUlity of attaining aUbatantial 
ecomnnlo an wdl aa miner hoalto and aafaty bmidito. 

The Aindamental een»<n* invmtigatione conducted have produced two new 
promiaing interface detector concqitat (1) toe Mtural b a c k gr o und radiation and 
(2) magnetlo gpto reacmnce. Boto ooMc^rta are mdremdy tatraotlve to thto 
meaeurlag coal dqdto iq> to 8 in* or more may be pt^Ue wiftmd requiring 
direct contact wlto the coal rarface* More e m p h a rt e in recommended for 
deuMopment of theee oonoepta. Two otoer owic ep t a using a oo u e tice and hydraulic 
drilling appear to offer limited depth sensing possibilities and may be useftil in 
apeoialited application. These Inveatigmiona toould eontinoe, however, at a low 
level ei effort. 

a 

The reaulta of the VCS air>uil«tions ( mrthem attcOI model) and alternate 
concept atmMes toow tiud good periumiance can be obtained m anttcipaled 
operating and seam oMKgtkws. The VCS will also acMpt a number of different 
CID inputs and should pmrform oatisfectorfly Hi thin a broad range of CID 

aoouraolea. Provtdlmi anUslacdory <giermion of a Ooor CIO for the rear drum I 

poaea a very dlfBonlt problem of imtallatlon and oonalstem performance (due to 
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floor debris) • Therefore* it ie recommended that an alternate conti^l concept 
be studied farther which would automatically maintain the iloor cut a consistent 
distance from the roof. It is believed th;d tMs would be a nore practical 
approach (not requiring a floor CIO) if satisfactory performance can be obtained* 

For the previously idoidlfled loi^wall CIO candidates (i.e. , nucleonic* 
ra<hir* surface recognition* sonsitiaed j^ck* and vibration sensit^ C10*s)* it is 
recommended that as many as pMsiUe of these ClD*s be tested in conjumdion 
with ’breadboard** VC8 te^ using simultded coal/rock materials on the longwall 
surface test facility at Bruoeton* Pennsylvania. Laboratory C10*s with suitidde 
longwall operational configurations (in some cases that are md yet mine- 
permissible) are to be available by June 197H for these tests. It should be 
possible to calibrate most of these ClD*s fur operation with the simujated face 
m^deriols at Druceton* providii^ certain specifications* are followed. In 
addition* serious consideration should be given to establishing a test program 
for mine evaluation of each of the candidate ClD's on a longwall machine. This 
is an extremely important step which is necessary to identify any mine operating 
problimis affoctiiqt the final selection* the final design requirement* limits of 
use* or fK’actiaility of cadi CID t^*. 

Itegardiiqt the FAS* it is rec<»mmcndcd that the yaw and roll face alignment 
measuring sensors to be used in this system be evaluated on the Bruceton Surfatw 
Test Facility* Before selection of the final concept* other concepts under inves- 
tigation in Eurqw (i.e.* buried cable and optic;il alignment) should also be 
studied* 


A poiid has been reached now where more detailed system studies are 
required to better define and bring together the primary elements of the guidance 
and control systent. namely the VC8* FAS. and MSC. The interrelationship and 
interacUcm of these elements must be fully understood. Action to initiate these 
studies began in FY77* It was decidt'd to conckict these studies in two phases. 
The flrrt phase would define and select tim final system concepts and require- 
ments* ai^ the second phase would establish preliminary system designs (not 
detailed hardware design) and the necessary specifications for development and 
procurement of a mine prototype system. Agreement to initiate phase I was 
reached between NASA and Buremi of Mines in August 1977. A further decision 
to Initiate {riiose n will be required at the comidetion of (diase 1. 

Further detailed technical rcicommcndations arc embodied in subsequent 
sections of the report* 


•I. These udll bo provided separately. 
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ooiA ottaraotton |«oj«et at M8VHC ai^ iMU»^ daH ^e paid^bc^^r li^ 
Oatobea 1077 were aagmenled by Vb» aarcyover of $ 180 OOO* PO pi F1F7P fbn^ 


flmdlng aubtoiity for FY 77. 8 ii | n » M 7 iaK 

776-41-11) • arrived in two traosmittals: $200 000* 00 to Janoary 1877 foUowed 
by $070 000.00 in April. The budgetary tweakdown foese foncte is s^nm on 
Tatde2« 


TABLE 2. FY77 BUDGET ALLOCATION 


Bude^ltrai 

Researd) and Development 

Research and Program Management (Salaries) 

(Travel) 

Total FY77 Funds 


Allocation 


$470 000.00 

$440 000.00 

$ 10 000.00 


$920 000.00 


2. 5. 2 Research iutcl Peveloimicnt Funds. Table 3 summarizes obligation 
of the remaining FY76 funds. The obligation on status of FY77 funds is summa- 
rized in Table 4. 

TABLE 3. OBLIGATION OF FY76 CARRYOVER RESEARCH 
AND DEVELOPMENT FUNDS 


Contracted Studies 
Components and Parts for Sensors 
Fabrication Nuclear Sensor 
Fabrication Nuclear Sensor Display Module 
Fabrication Surface Recognlzation Sensor 
Special Test Equi(nnent 
Computer Services 
Shipping and Miscellaneous Charges 
Total FY76 Carryover 


$ 76 000.00 
31 000.00 
27 000.00 
5 000.00 
17 100.00 
23 537.00 
5 000.00 
2 904.00 
$188 000.00 
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TABLE 4. FISCAL STATUS FY77 FUNDS 


Oblitpitod for Contracted Studies 

$ 88 146.00 

Components and Parts (Sensors) 

$ 22 394.00 

Nuclear Sensor (Fabrication) 

$ 12 015.00 

Itndar (CW/FM) llousinit 

$ 4 000.00 

SpociiU Tost Equipment 

$ 1 690.00 

Computer Services 

$ 23 801.00 

Institutional and Mamigcment Support 

$ 14 496.00 

SubtoUil FY77 Obligations 

$166 522.00 

Pi*ocurement Actions Initiated 

$302 7vS7.00“ 

Initiated Funds 

$ 691.00 

FY77 Research and Development Allocation 

$470 000.00 


a. These funds have bt>en initiated for: tlie CUiidanco and Contml Study 
Contr:)ctt advuiKied radar com|M>nent purchases , modifications to 
the MSFC sinuilatort and a minicomputer to be developed ns Um 
radar sit;n:il processor. 

Researeh and lb*oject M;>nat;enumt Funds . The estimate 
of tlie required manpower per inx>I‘ 77(»~ll-ll w:»s $ •l U) 000.00. Cost of 
m:m|K>wer :ictually utilised was $ U»0 107. 00. The bsUance, $0530.00, will be 
carried over and applied to Oetobc'r 1077 man|K>wer chart^es. Travel expendi- 
tures during the year ainounb;d to $0(M»I.OO of which $1190.00 of FY77 funds 
were obliitnted, Icavini* a baltmce of $8904.00 to 1 k> iippliod to FY78 travel 
requirements. 
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FuwluaMii^ sensor devsli^pittOate A ol t79-41«li) bsM ^ 
proceeded wldi laborslory inimtttalMm* lollan^ inore ooaoenferftted 
develqmieiit woxii wilii tbe more promtsiag <»ndldate sens^» t)m fbllosHm 
develQ^eiltB were <iie product of a review heU on 1077, widi Bvffean 

of Mines persomid vAo spproved M8FC ItndlngB and reoommoidbtimis 
(Tdde 5)« To felly eiqiilore die polmittal of magnMto spin resonance and 
hydraiiUo drill concepts. Southwest Resear<^ Instituto and die University of 
Ml88<Miri*s School of Mines were granted lahoratory Investigative and demonstra- 
tion contrads. 


3.2 Fundamental Concepts Discontinued 

As mentioned previously, certain ftindamenlal concepts were recmmmended 
for discontinuance, and agreed to by Bureau of Mines rqfiresentadves. These 
conceits are summarized in the following paragraphs* 

3.2.1 Electrical Resistance. The resistance beftween two needle point 
probes spaced 1 in. apart and held against coal and shale samples were measured 
using a Communioations Measurements Laboratory Model 1515 ohm meter. The 
meter has a rwge of 0.4 to 100 000 ohms and operates on 500 V. 


Samides used consisted d five 4 in.^ blocks of coal widi 13/16, 1, 2, 

2 1/2, and 4 in. thicknesses. The samples dials were irregular, but were 
^approximately 3, 5, and 1 in. thicknesses. The measurements were taken at 
die center and at the corners of the sanies* Results of these tests are shown 
in Ttdiie 6 where it will be noted that due to changes in the resistivity of the 
samples (between those that were dry and those that were wet) and die over- 
lapping values of resistivity measurements of the coal and shale samples, 
discrimination between coal and shale in a mine environment does not i^pear 
feasiblo. 


3.2.2 Electrical Capacitance. A c^dtance probe in which a housing 
shielded each of two plates was constructed. Coupling between the {dates was 
through the material to be measured, on which the housing was placed. A probe 
was connected by coaxial cables to a General Radio Ty(ie 1620-A capacitance 
measuring assembly consisting of a 1615-A capacitance bridge, a Type ISll-A 
audio oscillator, a Type 1232-A tuned amfdifier, and null detector* The audio 
oscillator was operated at 10 kHz to obtain sufficient sensldvity. Two different 
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readlj|ilgijtf«r« aaaile on tlis dry coal 

the isstnimoiit pan^ to Ihe ooid grain and Oto aewoA normal to the eoal grain. 
Tim data in TaUe t ^tow vaxiations in rea<ttngs do. not oorrniato 
cfireotlim of die coal grain. The randomness of the memauremeirtB recorded 
mag relate to (he roughneandt the opal surface (Table 7). 

TABUS 7. CAPACITANCE MBAsMeMENT OF COAL 
« AND SHALE SAMPLES 


Thickness of Sample 
(in.) 

Measurements Normal to Grain 

Measurements 
Parallel to 
Grain 

Dry Sample 

Wet Samite 

Dry Sangde 

13/10 

O.SSpF (0.004) 

0.08 pF (0.005) 

0.25 pF (0.009) 

1 

0.26 pF (0.001) 

0.07 pF (0.003) 

0.42 pF (0.002) 

2 

0.52 pF (0.003) 

0.07 pF (0.003) 

0.29 pF (0.001) 

2 1/2 

0.41 pF (0.003) 

0.061 pF (0.06) 

0.48 pF (0.002) 

3 

0.25 pF (0.001) 

0.08 pF (0.004) 

0.41 pF (0.003) 

Shale Samjde 1 

O.lOpF (0.005) 

0.0231pF (0.000) 



Note: (1) The measured value for air: 0.11 pF (0.000). 


Samples used were those used for the electrical resistivity measurements. 
Both dry and wet samples were tested. Based on an evaluation of the laboratory 
measurements, use of this technique is not feasible as discriminator between 
coal and shale for the following reasons: 

(a) Measurements are sensitive to spacing between the surfaces of the 
material to be measured and the plates of the measuring instrument. 

(b) Large variations between readings on wet and dry coal and over- 
lapping values for shale were recorded. 

3.2.3 Thermal Sensitized Pick. This concept consists of mounting a 
thermistor in the tip of a cutting bit. which could possibly detect the variations 
in rock cutting and coal cutting due to temperature gradients caused by resistance 
of rock to the cutting action. 
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The operattng conditions of (he longwall sheaarer cause tte temperature 
oharac^risttos of tiie cutting bits to be dominated by the water spray uUUaed 
for dust control. An analysis of this technique is as follows: 

(a) The fdck area exposed to water oocding is at least five times greater 
than the pick cutting surfaces where abrasive action causes heating. 

(b) N<nninaliy> the rotating pick is exposed to the wider SO percent of 
the time and to coal SO percent of (he time, (hereby establishing an equilibrium 
pick temperature. As the picks pass throuid^ the rock/coal interface, (he dwell 
time in the rock (for the addition of heat to the pick) is small. For example, 
assuming a 45* arc, the time available for the pick to deviate from its equililmium 
temperature is only 45*/360* or 12.5 percent. For tbs' remaining 87.5 percent 
of foe time, foe pick is experiencing conditions which tend to maintain its 
equilibrium temperature. Even when cutting solid rock, it appears that foe pick 
is still exposed to foe thermally dominant water spray 50 percent of foe time. 

Consequently, in view of the problematic natui*e of foe principle of 
measuring thermal gradients recorded by a pick when encountering rock (as 
indicated by the subjective rationale previously outlined) , foe availability of 
more promising methods, and foe resources required to conduct a detailed 
laboratory investigation, this technique is eliminated from further considera- 
tions. 


3.2.4 Infrared Radiation. The amount and spectral distribution of radia- 
tion received from an object is dependent on its temperature, emissivity, and 
reflectance as well as the temperature cmissivity and reflectance of surrounding 
objects. Under controlled conditions and knowing the temperature, foe material 
in an object can be inferred by measuring the radiation from it and calculating 
its cmissivity and reflectance. 

These parameters arc related analytically by the Boltzmann equation: 


R = oBT^ , 


where 


(T = cmissivity of the surface material 


B == Boltzmann constant 


T ■ Blaok ton|»rat^ 
R *■ magnltucte of nultatien . 


lilts equaticm essentially stalra Riat the radiation levds for two bodies, both 
tile same temperaiaire, wiU be {»oportioiial to their respeotive emissivitles. 
Measuremeiits of wavdengtiis betw^n 9 to 12 oorrespoi^ to black body tmn- 
peratures between 10* to 45*C* 

Hitts, file natural black body infrared radiation i^i^ors as a large 
amplitnde broadband noise from 8 to 12 wavelengtiis. Also, surface water tem- 
perature dominates the measurement at 12 A, For tiiese reasons, the concept 
is not a promiiting approach to the problem of differentiating between a surfaro 
of diale and that coal, 

3.3 Fundamental Sensors Sdected for Continuance 

The fundamental smisor concepts selected for continuance are (a) spin 
resonance, (b) hydraulic drill, and (c) the natural radiation. The acoustic 
sensor decision is to bo subjected to a further, more tfaorou^ review to evaluate 
signal processing problems and coiqding problems, especially in view of the 
existence of sensors whose opendiility offers advantages of simidicity in obtaining 
comparaUe measurements. 

3.3.1 Natural Background Radiation. 

3.3.1. 1 Background Investigation f Preliminary Testing) . Measurement 
of the attenuation by cool of natural radiation found in rock was evaluated in FY76 
as a technique for coal Interfoce detection. The results of the early laboratory 
investigations were reported in the year-end report for FY76, which indicated 
that it is possible to measure the interface location, given sufficient counts to 
proxies good statistical results. The instrument used in those tests is dqiiicted 
in Fig. 2. A 3 in. by 3 in. sodium iodide, Nal (Tl), crystal optically coupled to 

a 3 in. diameter (diotomultiplier was used to detect gamma ray photons from the 
rock. A lead animus 1-3/4 in. thick and 9 in. high was used to provide shielding 
and coUimation for the crystal and phototidbe. Including tite shielding, the sensor 
weighed igiproximately 107 lb (96.29 lb shield jdus 10 lb scintillator). 

Tests were initially conducted with and without shielding. 

The results from an unshielded detector were not satisfactory, differing 
from a shielded crystal considerably from that obtained (Fig. 3) , This lead to 
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Figure 3. Natural radiation of shale through coal. 

the conoluaiOD* uMoh was validated by later tests* that all foture tests should be 
made with ddelding around the crystal to prevent distorting the attenuation curve 
witii uncontrolled backgroimd radiation. The early tests also indicated that an 
air gap up to 6 in. does not aflieot tin radiation measurement from rock if the 
detector field of view was collimated by the lead ^eld (Fig. 4). To obtain a 
maximum munber of counts and be aUe to operide udth an air between die 
doctor and the coal* it was finind that recessing die crystal 1/4 in. » ooUimationt 
was a good oonqiroinioe. 

To rnswer <|uesdons about the intensity and distribution of die radioactive 
materials in shale* a literature survey was conducted to determine if any back- 
ground radiatimi measurements had been made in dis U.S. It was found that 
during the late 1940*s and 1950*s die Department of Interior's Geological Survey 
conducted a study for the Atomic Energy Commission to determine die amount 
of uranium in black marine diale. Part ot this work included radiation measure- 
ments of shale across the country using Geiger counters and scintillators. 

Mr. Vernon E. Swanson* Gedogist* Branch of Coal Resources* Geological 
Survey* Denver* Colorado* rqxurted that background radiation measurements 
could be expected in eastern coal bods while in western beds* having different 
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Figure 4. Natural radiation from shale. 


overlying and underlying strata, consistent radiation measurements could not be 
expected. In a 100 square mile area in the East, the radiation levels would 
probably be fairly consistent; so. based on this reasonably encouraging informa- 
tion. it was decided to take field measurements at various coal miners in the 
eastern U.S. to tost this prediction. 
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3.3.1.2 Description of Inatrument Use In Tcrts. A portidde ft^ctor 
and readout eleotvonloa (Fig. 6) were dealgnod and f^dtMrtoated specifically for 
use in a wide geogrqdiioal <ttvareity of ooal mines to measure background radia- 
tion as ftmotion of o<^ thickness. The same 3 by 3 in. Nal (Tl) crystal 
sdntiUator was used with a 3/4 in. lead aimulus shield 6 in. hi|^ around die 
crystal and photomult4dier. A 1/4 in. aluminum spacer at tiie bottom of the 
shield (Fig. 5) creates sufllcient coUimation of the detector field of view to 
prevent any effect from small air gm>s. In operation* the electronics amplify 
each pulse firom die fdiotomultiplier, register dm event in a scaler* and at the 
end of a preselected counting interval automatically (ttsplays the total count on 
the digital light omitdng diote (LEO) read^. The count interval can be varied 
from 1 to 100 sec in tho automatic mode or in the manual mode spy time the 
interval can bo obtained by throwing a switdi for starts and st^m. A built-in 
calibrator can be used to chock tho sydem prior to taking data* Power is 
supplied by batteries contained in the electronics box. The scintiU^r/deteotor 
housing is 7 by 10 in* and weights (Miproximately 30 lb. The electronics box is 
17 by 12 by 0 in. and woiidis 10 lb. 

3.3.1.3 Field Tests. Field tests ot this instrument were arranged in 
tho Birmingham* Alabama* area with die cooperation and assistance of Mr. 
William H. Meadows and Mr. Harlan E. Blmiton* Sr. from the MESA Office in 
Birmii^liam and tho Jim Walters Company. The first test was conducted in 
April 1977 at the Bessie Mine in GraysviUe* Jefferson County* Alabama. Three 
test areas wore sdocted for measurement where sufficied coal remained on tiie 
roof to obtain data from 0 to 12 in. thickness. The location of test points is 
illustrated in Figure 0* and tho test dots are shown in Figure 7. Each dda point 
is the average of five 1 sec counts. Tho probable error of each data point is 
approximately one standard devidion* takmi as the square root of the average* 

X* where x w m* Tho second fidd test occurred in July 1977 at the Nd>o Mine 
in Jefibrson County* Alabama. Figure 8 shows the test locations and Table 8 

is a listing of the data points. Each pdnt is the average of five 1 sec counts. 

The error is tho standard deviation: 



where 

X > Average 
Xj ith count 

N “ Number of count intervals 
m - population mean . 
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Figure 8. Nebo Mine, Jefferson County, Alabama, section No. 1. 

Several measurements were taken in each entry as can be seen from Figure 8. 

In Figure 9 the data points are plotted as counts/second versus inches of roof 
coal. The magnitude of the uncertainty in any given measurement for these 
tests is considerably, with statistical fluctuations of individual readings ranging 
&om HO to il5 percent about the average; therefore, no attempt was made to fit 
the data from the Bessie and Nebo mines to an exponential curve. In the mine 
area available for these tests, it was not possible to find coal of any thickness 
with an area sufficient to shield nearby bare rock. Consequently, it is certain 
that many photons entering the detector came through the lead shield from bare 
rock. Further, since the patches of coal of approximately the same depth had 
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TABLE 8. NEBO MINE TEST DATA (AUGUST 21 , 1977) 




SeoUonNo* 1 


Entry No. 



Coal Depth 
(In.) 

1 

2 

3 

4 

5 

6 

Cotmts/seo 

Counts/soo 

Counts/Boc 

Counts/seo 

Counts/seo 

Counts/seo 

0 

m.4 * 5.9 

109.4 « 15.7 

119.2 i 9.M 

128.H * 14.4 

118.8 * 15.8 

121.0 i 6.0 

0 

126.0 ^ 10.6 

123.0 1 5.7 

126.4 1 7.0 

116.0 i 11.0 

119.8 * 16.5 

115.4 * 9.0 

0 

12H.K t H.2 




116.8 i 9.5 

115.4 i 0.0 

0 






116.6 ^ 0.0 

1/2 

IIS.H t 7.9 

121.0 1 10. -1 




119.4 ± 11.0 

1/2 







1/2 







1 



03.1 < 6.2 

123.8 « 16.7 


109.0 :! 15.2 

1 



116.8 1 14.2 




1 







n 

86. 1 t 0.6 






2 







2 







2 


HH.0 1 6.6 

77.8 1 8,5 

07.6 ♦ 0.4 



a 1 

I 

1 





86,2 i 7.0 

1 

1 







•i 

r» 

7».0 1 10.5 





H3.4 A 8.0 

r» 







5 




1 

1 




60.0 t o.a 




69.0 i 5.0 

li 

(i 

7 1/2 
7 1/2 

7 1/2 


r 



65. H i 4. 5 


12 


Ml.s 1 13,6 


80.4 ♦ 0.4 



12 







12 







M 





72.0 i 0.8 


It 







It 






















140 


130, 
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12 o |-5 
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110 ^ 


100 


90 
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80 


70 


60 
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Fi|?urc 9. Natural radiation detector, Nebo Mine Test, Jefferson 

County, Alabama. 


different areas, it is likely tiiat the nearby bare rock contributed to some extent 
for each different measurement. It was noted that the 12 in. coal depth reading 
deviated from the expected exponential decline in counts due to attenuation. This 
was attributed to the presence of an 18 in. thick sh.ile layer in the middle of the 
coal scam, which was located approximately 10 in. firom the unshielded back of 
the scintillator/photomultiplicr. When in the measuring position, the rock added 
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counts on top of the attenuation flux. The real signiflcance of the data is that it 
shows a general trend of exponentially decreasing counts wifli increasing coal 
depth as predicted by flieory. 

Since the conditions previously cescrlbed introduced an element of 
uncertainty, a third field test was conducted in August 1977 at the Bureau's 
Bruceton Experimental Mine to collect data under more controlled conditions 
(Fig. 10). Several different count intervals were used and measurements were 
taken witt the 3/4 in. thick lead shield and wifli an added 2 in. thick lead shield 
around the scintillator/idiotomultiplier (PM) tube. The shielding was positioned 
around the detector as shown by Figure 11. The data collected at time intervals 
of 1. S. 10. and 60 sec are shown in Figures 12 through 15. Further investiga- 
tion of these type conditions is required. 


r 


ROOF LINE 


ROOSTER COAL 



UNDER CUT~45IN. 


•-TEST POINT 

A - KNOCKED COAL OFF ROOF FOR 0 IN. COAL 


Figure 10. Bruceton experimental coal mine test area. 
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Figure 11. Extra shielding around detector. 
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COAL ON ROOF (IN.) 

Figure 12. Druceton test results (1 sec intervals) 



1 2 3 4 S 6 7 8 0 10 11 12 


COAL ON ROOF (IN.) 

Figure 13. Bruceton test results (5 sec intervals) 
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Figure 14. Brucoton test results ( 10 sec intervals) 



1 2 3 4 5 6 7 8 9 10 11 12 

COAL ON ROOF (IN.) 


Figure 1&. Bruceton test results (60 sec intervals) 




Test results were considered sattsfa<tory and oharaoterlsed ^e pmr- 
fbmanee and measuring copabllity of the sensmr* It demonstrates (hat increasing 
the counting time improves the dqi>(h measurement statistios and that the addition 
of lead shielding around the Nal (Tl) crystal/photomUlt4>lier reduces the back- 
ground radiation. The analsrsls of the amount and kind of shielding to qitimiae 
performance is still in {oocess. 

A second test at Bruoeton was conducted in late September 1977 to obtain 
more data to provide a base for a more rigorous statistioal analysis. Three- 
hundred readings were taken at eadi point on the roof and floor (Fig. 16) . A 
least square quadratic was fitted to the data points. A defoUed eiqtlanation of 
the statistical treatment of (he data can be found in Appendix A. 

3.3.1. 4 Accuracy Improvement fuse of a Larger Crvetall . Dec leasing 
foe dispersion for this particular 3 in. diameter crystal can be accomplished by 
counting for longer time intervals as Shown In Figures 12 through 17. However, 
more counts in foe same intervals from foe rock source would also reduce foe 
dii^rsion. Given foe fixed nature of foe intensity of radioactivity in shale, foe 
only possible approach to increasing foe counting rate is to increase foe cross 
sectional area of detector exposed to foe gamma flux. This can be done by 
adding more detectors of foe same area (as discussed in Appendix C of Quarteily 
Report No. ALW-9, January - March 1977) or by increasi^ foe cross sectional 
area of one single crystal. Since flux. 0. can be expressed as 


C photons 
^ At in.^ sec * 

where 

C B Counts 

A s Cross section area (in.) 
t = Time (sec) , 

It can be seen that counts can be written as 


C » A t0 . 
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The radloaotive Intensity of the rock fixes ^ and If Is held oonstant» then only 
A can te varied to Increase fiie total counts. Bocimm A ■ irr* for a c^lndrioal 
crystal where r Is the radius, the ratio 


A| * i7 


con be used to predict the increase In counts by increasiiqt r. For example if 
we increase tiie radius, r ■ d/2, fk‘om 1. 5 to 2. 6 in. the ratio is 



(2.S1^ . g«25 
(1.0)^ “ 2.2G 


2.78 . 


Therefore, increasing the crystal diameter from 3 to 5 in. would yield 2.78 
times the 3 in. count in a given time interval. For llO counts/sec at zero 
indies of coal witii tho 3 in. diameter crystal, one wmild eicpect ^iproximately 
30.' counts/sec witii a G in. diameter crystal. Considering that an estimate of 
the standard deviation is given by the square root the count for a Poisson, 
the fractional deviation can be computed: 


Standard Deviation ~ 

X 



Therefore, for X » 110 counts/scc tho Standard Devi^on « 0.09G or 9.G perced, 
and for Y = 3G0 oounts/sec, the Standard Deviation = 0.0G7 or G.7 percent. 

A G in. diameter crystal is availaUe as a standard item and at reasonable 
cost. Improvement of (he detector shielding while maintaining a manageable 
weight for a portable unit could be accom|dishod by surrounding the detector with 
a Nol (Tl) crystal annulus to provide anti-coincidence signals at tiie scaler. 

It is now idaraicd to buy on unshielded and eliielded G in. diameter crystal 
during tho next year and incorporate the oi^ropriate signal processing to 
achieve 1/2 in. or better cool depth resolution. Additional underground mine 
tests using tho crystal shielded G in. sciidillator will be conducted to verify this 
design approach. 
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3.3.1.5 Co n ci m i oM . Test rMuttt firom tte Warrior Batiii (Nebo and 
Bessie Mines) sliow agreement wittiln the margins of experimmdsl error, which 
imfioates that die radioactive content of the overlying strata is probably untform 
within the Basin* 

In oompBring the results of die Bruoeton test data with diat <d the Warrior 
tests, acceptable agreement was found in the magnitude of die radioactive con- 
tents measured. 

These tests indicate diat there is a good probability of using natural 
radiadon measurements for coal depth sensing in coal mines of the Eastern 
US. More field tests in wider geographical locations will have to be performed 
before firm recommendations can be made. Analysis of the eidensive test data 
(gathered at Bruceton during September 26-30, 1977) establishes that die 
follow a Poisson distribution; a characteristic oi the Poisson distribiition is that 
the standard deviMion equals the square root of the mean. The deviatlott of eadi 
group of readings for a specific coal depth measurement can then vary as much as 
1 in. firom the true measurement. This accuracy problem can be solved by 
running averages of a multiple number of seimrate emunts reducing dw measure- 
ment accuracy to 1/2 in. or less (An>endix A) or by use of a larger crystal 
(porogrqih 3. 3* 1.4). 

Improvements in the imtrumeids performance, i.e., to decrease the 
weight of the shielding and thus the weight of the instrument, require redesign 
as well OB the use of a larger crystal to increase the total number of event 
counts. 


Preliminary results indicate this instrumeitt is potentially feasible for 
use os a noncontacting cool depth sensor (for <hq>ths up to 6 in. ) in coal seams 
overlayed and underlayed by shale or clay whose constituents contain a radio- 
active element* 

3.3.2 Hydraulic Drill CID. Preliminary investigations of interface 
detection using hydraulic drilling principles have been comfdeted* The concept 
appears foasible and a contract in the form of a grant has t«en let to the 
University of Missmiri-Bolla. Term of performance is August 1977 to May 1978. 

3. 3. 2.1 Detector Configuration. Hydraulic cuttli« techniques suggest an 
instrument consisting of a high pressure nozzle, a follower, and a sensing device 
such as a limit switch or potentiometer as shown in Figure 18. Conceptually, the 
nozzle would be mounted to project a cutting stream of high pressure water to 
impinge at a characteristic angle upon the coal. The angle of impingement of 


40 



Figure 18. High pressure jet concei.t for coal interface detecUon. 


the water would be selected to cut coal but not cut shale. The jet will cut the 
coal approximately 8 in. ahead of the nozzle. The follower, a contact roller, 
will follow tiie cut made by the water jet until the jet cutting action reaches the 
interface and penetration stops. The roller will then be depressed by the noncoal 
interface, compressing the spring**loaded acute angle formed by the nozzle's 
supportii^ boom on the base of the instrument, actuating a limit switch or 
potentiometer. The resultant signal can be used for control purposes. 

A laboratory model of this instrument will be fabricated md tested. If 
laboratory tests are promising, arrangements will be made for more experi- 
mental tests in underground coal mines. 

3.3.3 Acoustic CID Concept. Coal interface detection using an acoustic 
transducer is achieved by measuring the lapsed time required for an ultrasonic 
pulse, generated by the transmitter, to propagate throu^ the coal, strike the 
rock interface, and return to the receiver. The loss of energy experienced by 
the transmitter signal is a function of the attenuation properties of the coal, the 
acoustical impedance mismatch occurring at material interfaces, and the 
incident angle of the wave as it strikes the rock interface. 

The work which has been performed has been in two principal areas: 

(l) experimental determination of the attenuation of the transmitted acoustic 
signal in coal, under ideal signal coupling conditions and (2) development of a 
signal processing algorithm. 

3. 3. 3.1 Acoustic Attenuation Test. A series of laboratory tests were 
conducted to determine the attenuation of the acoustic signal through coal. These 
tests were conducted using Bruceton mine coal which had been cut into rectangular 
sections. The test configuration is shown in Figure 19 together wifii the recorded 
data which have been plotted as signal attenuations (dB) versus inches of coal. 
These attenuation ’urves were obtained using transmitter frequencies of 0. 10 MHz 
and 0.25 MHz with slopes of 10 dB/in. and 20 dB/in. , respectively. The 
transmitter/receivers are Model 5055 PR by Panamctric, Inc. 

The curves intersection with the horizontal axis is indicative of the 
losses incurred as the acoustic signal enters and leaves the coal specimen. 

Notice that the data presented represent the loss of signal for transmission in 
one direction only. In actuality, the losses incurred in the acoustic CID would 
be twice as much because the transmitter signal would be reflected back by the 
rock interface through same coal thiclmess. 
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3* 3. 3* 2 Acoustic C1D» Laboratory tests performed under ideal condi- 
tions with the 0,10 and 0,25 MHz ultrasonic transmitter/receivers have shown 
(Fig. 20) that the s^nal attenuation in coal is 10 and 20 dB/in. respectively. 
This value is 3 to 7 times greater than radar signal attenuation. The present 
theoretical depth measuring capability of an acoustic CID is 2.0 in. Plans for 
FY78 imdu<te investigating lower frequency transducer to improve the instru- 
ment's depth measuring capabilities. 

3. 3. 3. 3 FY78 Effort. Discussions with the Bureau have established that 
there is a need in the mining industry for a CID having 0 to 2 in. measuring 
csqiabilities. Therefore, work will continue in FY78 toward demonstrating this 
ciq>ability. 


3. 3. 3. 4 Conclusions. Preliminary investigations indicate that at the 
frequencies studied, the acoustic techniques can successfoUy measure approxi- 
mately 1 1/4 in. of coal. The low signal levels of echos are a serious problem 
in measuring coal thicknesses (attenuation) and require good dynamic range of 
input convertors; 10 bits give rpproximatdy 1000:1 range. 

High peak signal levels are required for adequate penetration, which 
implies hi^ peak-power levels and low duty cycles; desirable signals are short 
bursts or impulses. 

A more cominrehensive investigation is necessary which evaluates hard- 
ware characteristics (transducers, signal generators, amplifiers, filters, etc.) 
techniques of signal synthesis (to produce the most effective wave form) mefoods 
of coupling die signals to the coal, and signal processing methods compatible with 
low cost, reliable hardware to perform the processing function. 
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3.3.4 Magnetic Spin Resonance. On August 20, 1977, contract (NAS8- 
32G0(>) was let to Southwest Research Institute to investigate a system to measure 
coal thickness using RF resonance techniques. The process which is called 
RFRAS (Radio Frequency Resonance Absorption Spectroscopy) Is made up of four 
techniques: 

( a) Nuclear Magnetic Resonance ( N MR ) 

(b) Nuclear Quadrupole Resonance (NQR) 

(c) Electron Magnetic Resonance (EMR) , also called Electron Spin 
Resonance (ESR) 

(d) Microwave Molecular Resonance (MMR). 

The contract objective is to study and measure the nuclear resonance properties 
of coal and shale and determine whether an RFRAS system can be built which 
will result in a new coal thickness measuring instrument. 

Work to date has been concentrated on the EMR method. In EMR the 
potential detection technique would w'ork as follows. Certain materials, such as 
coal, have a concentration of free electrons in them that have magnetic moments 
associated with the free electrons. Those magnetic moments, when placed in a 
magnetic field, will align themselves either with or against the magnetic field in 
such a manner that they will be in one of two quantum mechanical energy states. 

If now an RF electromagnetic field is appropriately applied to these electrons, 
some of the electrons in the lower energy state can be excited to the higher 
energy state and the absorption of RF energy can be detected in an electron’s 
circuit if the energy absorption is sufficiently high. The prime requirement for 
this detection is tliat there be a sufficiently high concentration of ’’free electron 
spin.” Instrumentation has been developed that can precisely measure the free 
electron eonccntr:ition in small samples. 

For this technique to measure co:d thickness there must be a substantial 
difference in electron spin concentration in the coid imd shale. If there is a 
difference, it is possible to build a device that measures total spin concentration 
in the vicinity of the instrument, and as the coal gets thinner the spin total con- 
centration that is measured will decrcsise in a well calibrated way. 

For this reason one of the first tasks in this study was to send samples 
of coal and adjacent shale from severjil coal mine locations to Southwest Research 
Institute. The results to date arc based on samples of coal and shale from a coal 
mine in Jefferson Co unty, Alabama, and are preliminary but encouraging. 
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The instrument used for test was a Varian Model EM-500 Spin Resonance 
Spectrometer. Twenty-two samples were measured and plotted on a graph 
(Fig. 21) showing the peak to peak amplitude of the EMR response in arbitrary 
units. Figure 21 shows an abrupt change at the interface. The average value 
from the coal side is 85.3 where the average value of the rock side is 13.2 for 
change ratio of G.48. The colors, black, gray, and brown, shown on Figure 21, 
are the colors of the test samples used in the laboratory experiments. 

Samples from a coal mine in Bruceton, Pennsylvania, have also been sent 
to Southwest Research Institute for Analysis. 

The next critical phase of this contract is to design a system and deter- 
mine analytically whether it has the sensitivity to detect the coal thickness with 
sufficient accuracy. 



Figure 21. Sjunplc of electron magnetic resonance response 
from cojil and shale. 
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4.0 1X>NGWALL SHEARER GUIDANCE AND CONTROI 


The work performed during the fiscal year ending September 31» 1977. 
on the research and de\*elopmont effort for a guidance and conti'ol system to be 
used on the longwall shearer consists of CID development and guidance and 
control studies (See Task B. RTOP 776-41-U). 

4.1 Coal Interface Detectors (ClD'l 

The primary cRort during this reporting period was the analysis of 
laboratory and field test data that resulted in the identification of problems which 
affected the accuracy and use of the CID's. Based on these results. Uic emphasis 
has been on redesign and fabrication of second generation hardware for further 
test and evaluation. 

4.1.1 Nucleonic Backscattor. 


4. 1.1.1 Test Results. IXtring the week of August 30, 1976. the nucleonic 
CID was tested by U.S. Bureau of Mines Safety Research Coal Mine at Bruceton. 
Pennsylvania. The objective of this test was to compare the performance of the 
CID in the mine with that in the laboratory and with data obtained during in-mine 
tests in April I97G. 

A test site was prc|Hircd by Bureau of Mines personnel, as illustrated by 
Figure 22. The numbers indicate reference points on 1 ft centers. It was 
intended that the two thicknesses on the roof and floor should be 3 in. and 6 in. 
Actual measurements of coal depth at scleetcd points are shown in Figure 22. 
These deptlis were obtained by drilling holes into the roof iuid floor. The roof 
was undercut to a depth of approximately 67 in. and supported by wooden posts. 

An aluminum track was placed under the roof to provide support for a small cart 
on which the CID could be railed back and forth. As is shown in Figure 20. the 
CID mounted on the carl was positioned against the roof by a scissors jack. 

The dabi for each mcasurcn’.cnt were recorded in tabular form together 
will) a visual description of the roof surface and test point numbers locating the 
center of the CID. Additionally, roof profile information was recorded on a 
tape recorder during the testing of the rcQcctometer CID ns position :tlong the 
track was recorded from a slide pot»*ntiometer on another parallel channel. 

Two nucleonic units were tesied: one with a 20 in. source-detector 
separation and a depth sensitivity of 7 in. , and the other with a 7 in. source- 
doU'ctor separation and a low etu'rgy radiation source and a depth sensitivity of 
3-1 /2 to I in. 


ROOSTER COAL 



Figure 22. Test site. 




The 20 in, CID was a two point contact model (Fig. 23). Its detector 
housing was not rigidly attached to the frame, allowing small movement so that 
the surfaces could more nearly conform to an irregular profile. 


IM«RV8TAL 

SCINTILLATION 

DCTECTOR 


ISO IN. SEPARATION TRANSMITTER/DSTECTORI 



CESIUM 


17 IN. SEPARATION: TRANSMITTER/OETECTOR) 


V\ \DETECT^ 

/ \\ \ 


\\ \ 


/^SOURCE 

f©Am^241 


AMERICIUM 


TRANSMITTER 


Figure 23. Experimental nucleonic CID. 


The 7 in. CID had a flat bottom which made it more susceptible to air 
gap distortions from any single high point over the area of contact (Fig. 23) . 





Evaluation of the measurements of roof and floor coal depth taken with 
the 20 in. CID was accomplished by plotting the micarta bed. A corrected cali- 
bration curve was generated to reflect the difference in density of micarta and 
coal. This curve is shown as a dashed line in Figure 24. The speciflc gravity 
of the micarta is approximately 1.4 and the reported speciflc gravity of coal 
from the Bruceton mine is 1.5; an approximate calibration curve for coal was 
obtained by reducing the micarta counts by 7 percent. 

One systematic source of error was built into the CID because die 
detector housing was not rigidly fixed in the CID frame. It was possible for the 
detector housing, which shields the detector from the source, to tilt forward, 
putting more lead in the path of back-scattered photons (Fig. 25) which resulted 
in a lower counting rate. This situation could have occurred if the CID was on 
a surface sloping upward (on the roof) in a way that yielded a low region of coal 
toward the CID center. Such a case may have occurred for tests Nos. 4 and 5 
in Figure 22. Similarly, the detector housing could have tilted back when 
positioned over a bump, increasing the counting rate as in test No. 7. 

The failure of the point in test No. 9 to fall on or closer to the curve is 
attributed to the accumulation of water on the floor from the cutting machine. 
Water quickly filled a bole drilled at station 10.5 when the actual coal depth was 
determined. The addition of water to cracks in the coal should increase the 
density of the material. Another contributing factor could have been due to the 
detector housing tilting forward (Fig. 23). All references to air gap in the 
figure are taken from visual observation of the interface. Very low accuracy of 
actual air gap size was obtained in this manner. It was anticipated that the 
profile information obtained from the reflectometer test could be used to verify 
visual observation: however, this information was unusable because of a recorder 
malfunction. 

Laboratory analysis of the 20 in. CID readit^ when air gaps were present 
between the source and detector indicated that hi^er readings occurred as the 
position of the air g^s was moved toward the detector. This appears to be 
substantiated by the in-mine readings; i.e. , when the air gap was observed 
under or close to the detector, the readii^ deviated most from the calibration 
value as in tests Nos. 6 and 7 of Figure 24. 

The data from the 7 in. CID in-mine tests are plotted in Figure 26. 

Again, the laboratory calibration curve was corrected to reflect the difl'erence 
in density between Micarta and Pittsburgh coal. As with the 20 in. CID, the air 
gap reference was taken by visual inspection. This unit responds in the same 
way to air gaps as does the 20 in. CID. However, when the air gap is located 
directly opposite the detector position and if it is small compared to the source 
detector separation, the deviation from the expected reading is smaller than for 
the case where the air gap locution is between tlie detector and CID center. 
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BRUCETON FIELD TEST 
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30 Ma^^Cl- SOURCE 
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FiKurc 24. Cc»rr<(cted c:ilil)Tation curve showing the tlifferenco in 
density of micarta and coal. 
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4. 1.1.2 PcBlgn of a Two-Point Contact Configuration . Design of a two- 
point contact fixed frame CID. similar to the laboratory version tested in the 
Bruceton Experimental Mine, was begun in the summer of 197G and continued 
into early 1977. when a completed conceptual design evolved. In parallel, a 
floating head configuration (Figs. 27. 28. and 29) was developed using the design 
concepts of the fixed frame version but incorporating independent suspension for 
tile detector and source modules. 

Figure 27 presents a top view of the positioning of independently suspended 
modules for the detector and source on the mounting bar. Only the detector 
module is movable along the mounting bar. Figure 28 presents some details of 
the source housing. A portion of the hydropneumatic spring suspension is shown 
in the right view of Figure 28. and parts of the mechanical source activation 
mechanism arc shown in Figure 29. 

Figure 30 presents a few details of the detector module including the 
positioning of the scintillator detector, collimating, shielding surrounding the 
crystal scintillator, and the urethane dust cover above it. 

Part of the design effort involved establishing requirements for mine 
permissibility to allow field testing in an underground coal mine. Consequently, 
a meeting between MSFC and MESA personnel was held in Pittsburgh in February 
1977. At that meeting, the design of the CID and the display box (Fig. 31) v/ere 
reviewed, and the following decisions were made: 

(a) The display box contained nonintrinsic:illy safe electronics and must 
be explosion proof. The box including cables would be purchased from supplies 
of ex|>lo8ion proof battery boxes . 

(b) Power for the mine permissible CID should be from a battery rather 
th:m from the longv^all machine during the field test phase. 

(c) All electronics in the nucleonic sensor are probably intrinsically 
safe?; however, the photomultiplier tutu* will have to be tested to verify safety. 

(d) Cabling should be purchased from suppliers of mine permissible 
cables, and the lead entrances betwet^n the battery box. the display panel, and 
the CID must be packaged in an approved stuffing box (would be supplied by 
box manufacturer). 

Funding delays prevented the release of a fabrication contract for the 
fixed frame version CID until the inde|x>ndcnt suspension configuration concept 
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Figure 30. Coal interface detector 
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Figure 31. Gamma backscatter CID display box. 








was completed and in March 1977; a design review was held at MSFC to evaluate 
this floating head design. A decision was made to build the floating head design 
because it offered many advantages over the fixed frame version. Further dis- 
cussion of floating head design can be found in Contract NA88-32214 Final 
Report (3]. 

4. 1.1. 2.1 Floating Head Configuration. In April 1977, procurement 
actions were prepared for design and manufacturing services required to build 

a floating head CIO and the associated display box (Fig. 31). A contract for the 
display box was awarded to the Huntsville Division of Sperry-Rand on June 1, 

1977, for the total cost of $5000. The unit was delivered in September 1977. 
MSFC will install the decimal digit display and a signal processor printed circuit 
board, and will provide the power source which can be either an ac-dc converter 
or a battery. The ac-dc power supidies, decimal display, and processor circuit 
have been purchased, assembled, and tested on the bench. All are performing 
satisfactorily and are ready to interface with the display box. 

The procurement action for the design completion and manufacture of 
two CIO units was awarded to Sperry-Rand on July 1, 1977, for $38 651 with 
delivery expected in November 1977. MSFC separately purchased the radiation 
sources, the scintillator detectors, amplifier circuit boards, and dust covers 
to be fitted to the mechanical assembly when delivered. 

The MSFC purchased items have been delivered except for the scintilla- 
tion detectors which have a delivery date of December 1977. All of the elec- 
tronics including the amplifier, processor, ac-dc power supply, and a previously 
purchased scintillator detector have been integrated in the laboratory. Several 
interface problems have been corrected and the components are ready for 
installation. 

4 . 1 . 1 . 2. 2 Signal Processing. Signal processing for this experimental 
model has been simplified intentionally. Specifically, the calibration curve was 
linearized by taking the best straight line fit to data points from 0 to 6 in. coal 
depth as shown in Figure 32. The sample data points of Figure 32 are taken 
from tl)c two-point contact 20 in. separation CID. The processor electronics 

in Figures 33 :uid 34 store pulses from the detector in a binary counter for 1 sec 
integration time. At the end of this period, the digital count is transferred to 
the holding register and converted to an analog voltage. This voltage is compared 
to the calibration curve in the region of interest throii^h the voltage comparitors 
(Fig. 34). 
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In Figure 32* for CNample* 5 in. is the selected operating point and +1 in. 
is allowed as an error band. If 3.944 s V s 4.818 then the green light marked 
”OK” will light up on the display. Figure 31. However, when 4. 818 < V s 5.014 
or 3.743 < V < 3.944 one of the yellow lights marked "ALERT” will come on. 
Above 6 in. or below 4 in. , one of the rod lights marked "DOWN" or "UP" will 
light up. By adjusting the depth select potentiometer on the display box, the 
region of interest can be moved down the calibration curve with the new operating 
point display on the readout. An added option can be utilized by turning the mode 
switch one position clockwise from "SET". In this position the reading on the 
digital panel meter will be a real-time coal depth. When the count rate reaches 
that for 7 in. of coal in Figure 32, the true count determined from the data in 
Figure 24 is really greater than 2180 counts/sec. At this point the processor 
electronics will activate un oscillator in the message light driver circuit which 
will cause the red li^t marked "UP" to blink, indicating that an air gap is 
probably present and the action indicated should be ignored. 

The visual indicators in the display arc intended to be used by the 
machine operator or for laboratory tests of the CID. Signals to the visual 
indicators could just as easily be routed to a VCS. 

4. 1.2 Sensitized Pick. The Shaker Research Corporation under contract 
to MSFC has undcrtal^cn the task to design, fabricate and mine test on a longwall 
machine various configurations of the "Sensitized Pick" CID. Data will be 
obtained on pick forces and accelerations under various cutting conditions 
(i.e. , coal only, roof rock, and floor). These data will be analyzed in the 
MSFC laboratories to establish a suit:ible signal processing technique for dis- 
tinguishing the cutting of coal versus non-coal materials. Hardware has been 
fabricated, MESA and state permits have been made, and tests are expected to 
begin in the last quarter of 1978 at the Rochester and Pittsburgh Coal Company's 
Jane Mine. 

4. 1.2. 1 Concept . The basis for application of a sensitized pick CID is 
the significant difference between the force required to fracture coal compared 
to that required to fracture rock or soft clay. Because coal is a pre-fractured 
material it tends to break away along strata planes in relatively large chunks, 
while rock is homogeneous and breaks up into smaller pieces. Clay is sheared 
easily. Compressive and shear strengths arc greatest for rock, moderate for 
coal, and lowest for clay; therefore, a transducer which can measure the 
difference in bit cutting force between these materials can be used to provide 
cutting drum position control to automate that portion of mining machine 
operation. 




Apidication of bit cutting force to machine control has a few unique 
problems which make the plication of this technique rather interesting. First 
of all, the cutting action of the drum type cutter provides a variation in cutting 
depth which is a minimum at top and bottom (ceiling and floor) and maximum 
at the centerline hei|^t of the drum. A depth«of-cut diagram generated for 
typical conditions is shown in Figure 35. These conditions are: 

(a) Drum speed « 60 rpm 

(b) Drum diameter « 56 in. 

(c) Machine haul speed « 15 fjpm 

(d) Double laced drum » 180* between corresponding bits. 



TOP DRUM POSITION BOTTOM 

Figure 35. Drum position versus cutting depth. 
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It is reasonable to assume that bit cuttinK force varies with cutting depth* 
although the relationship depends upon coal hardness and the sharpness of the 
Instrumented cutting bit. It can be seen from Figure 35 that tiie forces of con- 
cern at the ceiling and/or at the floor are only a small percentage of the maxi- 
mum force condition at 90*; however* the cutting of rock or clay instead of coal 
at these locations may only double or halve the cutting force, and this amount of 
variation might easily escape detection in the presence of the much greater loads 
experienced at the maximum cutting thickness condition. As the drum cutting 
bits wear and dull* the cutting force for the same depfli of cut will increase; 
therefore* it seems that some normalizing will be necessary to permit the control 
system to recognize and compensate for such changes. 

A measurement system developed in Britain under a National Coal Board 
Contract (4) used a cutter bit mounted on an elastic cantilever beam with a 
displacement transducer to detect loads proportional to beam deflection. The 
instrumented bit was mounted directly behind and somewhat higher than a normal 
cutting bit so it could be cutting rock while all other bits were still in the coal 
seam. A drum position sensor was used so that the ceiling and floor cutting 
locations could ^ readily identified. It was reported that the system was used 
successfully to guide the machine drum position in extended mine usage, but the 
concept was apparently not advanced because of successes with other measure- 
ment techniques. Comments by a machinery manufacturer representative, 
familiar witii the British tests, indicated that reliability problems were more 
likely the reason for discontinued use. Typical data from Reference 4 is shown 
as Figure 3G, and these were the only published data found which represented 
bit dynamic loads in any realistic form. 

In application, the sensitized pick output is processed by an analysis 
system which can recognize differences in output for normal coal cutting and for 
various rock or soft clay material cutting. The control for the leading drum of 
a double drum ranging shearer would move the cutting drum upward in small 
increments until rock was detected, then back off a small amount so that only 
coal was being cut. After a number of drum revolutions, the system would again 
range upward until the scam boundary was reached and then back off, so that the 
ceiling cut would end up a scries of undulations. At the same time* the trailing 
drum would be driven down toward the lower scam boundary and then brought 
back as clay or rock was detected. Compensation would be necessary for 
variations in cutter bit sharpness* machine traversing speed, and coal strength 
properties. 

The system would probably have to include logic which could recog^ze 
pass-to-pass variations and insure that subsequent cuts did not leave holes and 



Example of typical signals from instrumented pick. 



ridges which would Jeopardize Uie Integrity of the celling si4>port syetem. This 
may mean timt some rock would be cut and some coal would left to provide 
overall mining system optimization at the expense of ash production, tool wear, 
and overall recovery. 

4. 1,2. 1. i Mine Review and Madilne Selection. The Initial fdiase of dils 
program was to visit a number of operating mines to Identify, If possible, a 
prospective tost site and mlnli^ machine ft«m which a workidble data transmission 
system could be designed. It was felt that a system designed for a speciftc 
machine and mine situation would be much more cost eftective and efftclent than 
one required to meet universal installation requirements with only general guide- 
lines. Several tool manufacturers were visited to obtain background on bit design 
criteria and an overview of current tool philosophy. Facilities and Individuals 
visited are as follows: 

(a) Appalachian Fuel Company, Huntington, West Virginia (Mr. Ken 
Winters) 

(b) Consolidation Cool Company, Itmarni No. 3, Itmarai, West Virginia, 
Pocohontas DivlBlon (Mr. Frank Beard) 

(c) Rochester and Pittsburgh Coal Company, Jane Mine, Indiana, 
Pennsylvania (Mr. Gone Jones) 

(d) Consolidation Coal Company, Mountaineer No. 95, Shlnnston, West 
Virginia, Fairmont Division (Mr, Toi^ Gemondo) 

(c) Carmot Company, Mine Tool Division, Shinnston, West Virginia 
(Mr. Bill Walker) 

(f) Kennametol Inc. , Mining Tool Group, Bedford, Pennsylvania 
(Mr. Dough Evans) 

(g) Chas. Philips Tool Company, Mannington, West Virginia, Mining 
Machine Rebuild Facility (Mr. Kon Phillips) 

(h) Eickhoff-Nationol Mine Company, Pittsburgh, Pennsylvania 
(Mr. Mike Schmidt) 

(1) Mining Enginccrii^ Department, West Virginia University, 
Morgantown, West Virginia (Prof. E. Sandy). 
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Mines visited had coal seams ranging in height from 39 to 90 in. , and 
it was concluded tihat working heights of less than SO in. were very difficult with 
the equipment packages assembled for data recording. An agreement was 
reached with two mine operations for ttiem to consider a proposal to evaluate 
the sensitiaed pick concept in their mines. Obviously neither could guarantee 
cooperation wifii only a very limited outline of ti^at would be required of the 
selected site* but both felt that the potential for information return on their 
investment of mining crew time was well wortiiwhile. 

The primary site selected was the Jane Mine of Rochester and Pittsburg 
Coal Company atlndianat Pennsylvania. Their Eickhoff 150 sini^e drum mining 
machine operating in 56 in. of coal should provide realistic mining test conditions. 

The back-up site is one longwall face of the Fairmont Division of Con- 
solidated Coal Company, near Shinnston, West Virginia. There are several 
Eickhoff EDW dOO double drum madiines operating in seams of 78 to 92 in. in 
this division which could be available for testing. 

A third possiUe site for sensitized pick CID testing is at the Bu7*eau of 
Mines* Bruceton Facility using the Joy double drum mining machine which was 
purchased for outomoted miner demonstration tests. This unit is to be set up 
outdoors for limited cutting of synthesized coal, and it provides a unique 
opportunity to evaluate background noise and data transmission requirements 
without the restrictions of mine permissibility and production schedules. 

An early goal of this design study was to produce as universal and general 
a data system as possible so that application could be made to a maximum per- 
centage of the longwall population. This means that two basic cuttii^ bit systems 
need be considered — the blade type bit and the conical or *^lumb-bob** type bit. 
The blade type bit was chosen for the evaluation when it became apparent that a 
single measurement device could not be readily designed that would fulfill the 
specialized needs of both bit designs. Some of the reasons for elimination of 
tlie conical bit were as follows: 

(a) The requirement that the bit rotate in service to equalize wear 
eliminated a zero clearance retainer which is deemed necessary for maximum 
measurement accuracy and frequency response. 

(b) The cutting action of the conical bit results in a combined compres- 
sive and bending load on the bit shank which complicates load sensor design. 





(o) Reoeot ^dlet by tiie Bureau of Minas (51 imbcate that tbe oonioal 
bit produoea a gr«itor amount of aliborne duat than other bit types becauae ot tiie 
high qwolflo eneiiy <^araoteristio for ttila bit design. (Hm Bureau baa deter- 
mined diat aiibome respirable dust generated per unit mass out inoreaees 
monottmioally widi inormsing qiMdfio energy. ) 

All diree candidate mining machine locations make use of tbe blade^iype cutting 
bit; therefore, the desipi omicepts are at least similar for eadi. The Bureau 
madiSne and dm Roohoster mid PittMnirgh CmI Company madiine uae a 3 in. 
long bit eritb 3/4 1 1/4 in. rectangular shaidc. e^ile the Conscdidatioo 

machines are using the newer coarse laced 4 1/2 in. long heavy duty bits by 
Carmet with 1 9/16 in. diameter rcnind shanks. Dismissions widi mini operators 
and bit ma n u f a ct urers have indicated a very strong preference toward a meamire- 
mont system whidi would allow simple replacement of a standard bit because 
cutler bit life in some ciroumstanoes is as short as 2 hr. although normal life 
is more like 2 to 4 days. A desip; goal dien was to separate die load measure- 
ment dement foom the bit to avoid the necessity of throwing away an expensive 
port of the system. 

4. 1.2. 1. 2 Tdemetry System Requirements. This program was begun 
with a goal of producing the better of two possiUe data telemetry systems: 

(a) A ettstributed component system with sensing element, transmitter, 
and antenna located for maximum protection and optimum data transmission. 

(b) A consoliddod drum clement containing the instrumented cutting bit. 
transmitter, battery pock, and antenna. 

Either system would transmit to a chaseis-mountod picU-^;) antenna and battery 
powered (MESA permitted) receiver, and the test data would be recorded on 
magnetic tape. It was concluded that a full frequency range of test data from do 
(static) tost least 20 kllx need be ewiluated; therefore, telemetry requirements 
were very stringent. A basic performance specifiration was estaUi^d and 
distribute to a cross sectimi of telemetry system manufacturers requesting 
information. 

Stamford production systems moetii^ major requirements were indicated 
by two stqppliors: Amurex Corporation of Mountain View. California, and Inmet. 
Inoorporided. of Indian HartMwr Beach. Florida. Several other companiea 
expressed an iiderest in developing suitaUe equipmeid. but did not have produc- 
tion devices available. The tmsic conclusions from this market survey were: 
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(a) TransmlBBlon of ^atio (do) stratn cteta is posstide rains ft FM-^M 
transmitter. G^ynamio data to 2000 Hn (Inm^) or 1000 Hn (Aourex) are prao- 
ttcal with tilts tetdinique. 

(b) Transmissioii of dyimmio strain data is possible using a FM trans- 
mitter over a frequency range of 10 Hz to 90 kHz (Inmet) or 10 Hz to 20 Ms 
(Aourex). 

(c) Up to 12 transmittera can be used simultaneously in an array wttiiout 
interference by sqiarating carrier frequencies by 1* 5 MHz. 

(d) Temperature and acceleration s^pnals mi^ be transmitted over tiw 
same frequmicy spans as static and dynamic strain using suitable interdiangeaUie 
transmitters. 

(e) Two basic antenna systems are generally applied for short range 
data transmission: capacitive coupling using circular antenna dements 1 in. or 
less qoart (Acurex) or electromagnetic coupling with whip antennas 3 to 20 ft 
iqpart. 


(f) Normal FM telemetry techniques operate in the frequency range of 
88 to 108 MHz. The carrier wav^englli for this band is from 9 to 11 ft. 

(g) The radio controls for remote operation of mining machine typically 
operate at hi|^er carrier frequencies than the range spedfted here to improve 
data transmission in narrow tunnels. The Joy mining machine purchased by the 
Bureau of Mines for automation demonstrations operates at a center frequency 
of 460 MHz (6] • No interference between the two information transmission 
systems is expected. 

For use in gaseous coal mines, all components must be reviewed by 
MESA for intrinsic safety, end because of the limited quantities involved a 
permit will be requested for the final system. Throwaway batteries with current- 
limiting resistors will be mounted on the drum to provide transmitter power 
while rechargeable batteries will be applied for receiver power. Designs goals 
are for a minimum of 100 hr operation for the transmitter battery and 5 hr 
operation of the receiver package between recharge cycles. 

4. 1.2. 1.3 Instrumented Pick Design. The first phase of design for the 
sensitized pick installation was an attempt to find any test measurements of 
forces present at the bit when cutting coal and when cutting rock. Discussions 
wifii mine operators, manufacturers . and mining machine company representa- 
tives indicated that while these data may have been taken at some time, no one 
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knew of any published data presenting diat information. Based upon the knowledge 
that, on occasion, the bits could be fractured by severe cutting requirements, an 
ultimate load was computed to give a reasonable starting point for a load measure^ 
ment system. For 100 000 psi maximum bending stress in the 3 in. shearer bits 
used in the selected mine sites, a 4100 lb tip load is required, and dte reaction 
force at the lower plane of the bit shank would be 4920 lb. Application is as 
follows: 

(a) A standard cutting bit is inserted into the broached pick mount cavity 
by driving it past the pick retaining plug. 

(b) The zero load strain output of the strain gaged load sensor is read 
out on the telemetry receiver output meter on the machine base. 

(c) The preload bolt is tightened until a static strain of ^proximately 
one-third of the pick allowable strain is indicated. The lock mit jams tiie pre- 
load bolt in place. 

(d) Static and dynamic changes in cutting bit load are indicated by load 
sensor stniin outputs. The preloadcd beam insures that the load sensor stays 
in intimate contact with the cutting bit. 

(c) When necessary, the cutting bit may be removed and discarded by 
releasing the lock nut and preload bolt, and pulling the bit using a standard pry 
tool. 

This special bit block is mounted in place of a standard block on tiie longwall 
cutting drum. A metal tube directs the transducer leads to transmitter A>attery 
assembly mounted in the web of the drum. All electronic components and lead 
wires are installed after the support components are welded in place. 

The spiral web of the cutting drum "pumps** the cut coal onto the face 
conveyor as it turns, but the outer (machine side) edge does only minimal work; 
therefore, this mounting location is acceptable. The details of construction of 
the telemetry transmitter assembly are shown in Figure 37. Major elements 
arc: (a) strain gage FM-FM telemetry transmitter for dc to 2 kHz strain 
response, (b) a 12 V current-limited battery pack, ) accelerometer FM 
telemetry transmitter for 10 Ilz to 90 kHz acceleration response, and (d) two 
7r» ohm resistor transmitting antennas radiating through nonmctallic antenna 
covers. The :icccleromctcr transmitter is an alternate to a FM dynamic trans- 
mitter which would be used if high frequency strain is the preferred measure- 
ment teehnique. The concept includes the alternate of pick shock response as 








Figure 37. Telemetry transmitter assembly. 


weU as pick load as a measure of the cutting character of the material at (he bit. 
It is assumed tiiat shock energy levels for the bit striking rock or clay will be 
dramatically different from those for normal coal cutting operation. The 
impacts of cutting will cause the pick to vibrate at a number of its cantilever 
beam resonant frequencies, with the amplitude of response proportional to the 
impact energy and to system damping. Lower order modes are moderated 
significantly by damping as displacement amplitudes are large, but higher 
mode responses tend to be very pure as dampit^ becomes less of an influence. 
Hifh firequcncy vibration response techniques have been applied to a variety of 
machine element problem detection tasks, and it has been found tiiat impact 



oharaoterieatton in the fk«quency range of IS to SO kHz is an extremely usefiil 
way of monitoring perforlhance differences. Ball beai^ing rolling contact di£Cl- 
cultieSf gear train surface foults, pump fluid cavitation conditions, and 
machinery rub problems have been detected using &e structural ringing of 
machine elements as a carrier of informati^ to areas outside the direct fault , 
site. The concept is implemented hy attaching a suitable high frequency response 
accelerometer to the end of the conquression member which is loaded against the 
bottom of the Idt so that the minute shock response amplitudes of the e}q>osed end 
of the pick mig^t be measured. 

The complete tdemetry data transmission system is shown in Figure 38. 
It is assumed that two sensitized pick ClD's are applied either to evaluate 
alternate arrangements for more definition of the same configuration 180** apart 
on one drum, or for ceiling and floor cut drums on a double drum mining 
machine. A decision was made to use 75 ohm resistor transmitting antennas 
and whip receiving antennas (dual whips with co-phased lead-in cable) wifii 
electromagnetic signal transmission. The close-coupled ciq>acitive data trans- 
mission system was rejected because of installation space requirements in the 
drum hub area. The swinging cowl assemblies of double drum machines use up 
the req\iired axial length needed for this type of radio wave transmission. The 
whip antennas are located as far away from each other as practical to take 
advantage of alternate data transmission paths from each transmitting antenna. 
One advantage of using the standard FM eaxurier bands is that blockage of carrier 
waves requires an obstacle that is one half wave length or greater in dimension, 
a span of 5 ft or more. There arc few such obstacles aroimd a longwall machine, 
and by taking advantage of reflections and multiple paths the widely spaced whips 
will be able to pick up continuous signals from all four transmitters. The lower 
dashed envelope shown in Figure 38 defines the contents of a receiver case \diich 
is mounted on (he mining machine frame. The whip antenna signals pass throu^ 
an adjustable antenna matching resistor which can be tuned to maximize antenna 
gain. A passive signal coupler splits the signal to each of four receivers so that 
the individual transmitter outputs are separated and made available for recordii^ 
on four channels of a seven channel tape recorder which will be used to make a 
permanent record of test data outputs. A solid-state 12 V current-limited 
battery pack has been designed to permit operation of all four receivers for 
G hr or more before recharging is necessary. Figure 39 shows the general 
configuration of the proposed receiver package. It contains two FM receivers 
and two FM-FM receivers (all by Inmet. Inc.) so that two complete CID systems 
can be monitored over a frequency range from dc to 90 kHz with accurate 
determination of pick parameter output amplitudes. The unit is packaged in an 
aluminum case suitable for airline shipment and weighs approximately 65 lb. 

The size and weight arc reasonable for handling by one person and can be 
mounted on a longwall mining machine without great difficulty. 
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Figure 38. Data transmission system sensitized pick detector. 
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4«i.2«8 AltwnaU w CoMoeiito. Several questiotg c o ncern i ng ttio opttnmin 
aiqdlwittoo of Hie aensltleed plok CIO mnnot be answexed udtll some addittonal 
teettng has beoi aooomidlehed. The baste ooncern ia for deteotton of dtfferenoes 
in oiil|>iit for coal cuttiiig versus rook or clay cutting at the very top dxum posi- 
tion (0*) or very bottom drum position ( 180*) vdien the dqptti of out is only a 
fraction of an imdi as shown by Figure 35. Maidmum sensitivity is desired at 
these probable foreign material looattons} however, in another 90* of rotation, 
the transducer sy^m must withstand a foil depth of coal cut vdiich may be 
1 1/2 to 2 in. thick. Several schemes have been devised to minimize this 
problem: 

(a) Provide a mechanical stop so that high sensitivity is availdde for 
11^ outs bitt a sidistantial limit is reached before the tool begins to absorb the 
fidl depQi out stress. 

(b) Provide a broad dynamic range transducer ssrstem so that very fine 
resolution can be attained over light and heavy cuts. 

(c) Mount the instrumented cutting bit immediately bdiind another bit 
(in its shadow) so that the depth of cut is less than the 1 1/2 to 2 1/2 in. 
normally experienced, and is in fact almost a constant depth cut from ceiling to 
floor. 


The first technique has a real advantage in sensitivity because a 
mechanical sicqi can take the extremes of operating loads experienced firom 
sulfor ball inclusion encounters or unavoidable operation with dull bits. However, 
die design of a linear system with stops may require machining precision and 
cutting cycle definition which will not be available until significant study has been 
done. (Another disadvantage of this s> item is that linear measurement of 
forces during maximum thickness cutting of coal is probably die best way of 
judging (he diarpi»ss of the cutting bits. Normalization of bit load data for 
different cutting eclge conditions will almost certainly be required for any long 
term operating control system. ) 

The second b chnlque has the primary advantage of complete compatibility 
with normal drum lacing technique^. The instrumented pick experiences abso- 
lutely typic al loads and shocks, and the data output would be most useful to 
machine operators and cutting bit suppliers for improving overall machine per- 
formance. However, the application of these data to a machine control logic 
system will be quite difficult and may require much more sophisticated pattern 
recognition capability to produce drum control ranging signals. Most definitely 
these measurements should be made to advance understanding of the drum 
shearing process. 
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The third pick arrangement has several attractive features which suggest 
that a variant of it will be used in any production version of this transducer sys- 
tem* Figure 40 shows to possible examples of shadow pick mounting: one 
directly behind the next pick (sii^le spaced) » and the second two picks back 
(double spaced)* For the Joy machine purchased by the Bureau of Mines, the 
single-spaced pick is 15* behind its lead pick, and the double-spaced pick is 
30* behind* 

To evaluate various combinations of shadow pick cutting depths, a simple 
program has been assembled in the computer Basic language viiich can accommo- 
date variations in drum diameter and speeds, traverse velocity, angular offset, 
and pick extension* The base-line case shown in Figure 41 was for a standard 
drum with two bits 180* apart in each cutting plane* Zero degree is the ceiling 
and 180* is the floor with die maximum depth of cut equal to 1*5 in* when the 
cutting bit is at 90** 

For a shadow pick located 15* behind the next pick, the cutting depths 
arc shown on Figure 41 for a standard lengtii bit and for one extended 0* 15 in* , 

0* 25 in* , and 0* SO in* beyond the nominal bit radius* The base-line case is 
also shown in Figure 41* Note that the depth of cut for any of the extended bits 
becomes almost a constant throughout the 180* arc; therefore, evaluation of the 
hardness of the material at ceiling and floor is greatly simplified because it can 
be compared directly with the average cutting force for the main seam cut* 
Variations in machine traverse velocity or bit sharpness are taken care of 
automatically, reducing significantly the "intelligence*' required in circuitry to 
digest cutting bit outputs* Figure 42 shows the same bit extensions for a pick 
30* behind its leader* The conclusions are the same as for the 15* pick except 
that the greater lag causes increased difference in cutting depth from initiation 
of cut through maximum depth* 

It would seem from these plots that a 1/2 in* extended sensitized pick 
placed ^proximately 15* behind a normally located bit would provide good 
cutting characterization with moderate wear, and that a maximum amount of 
co:il could be recovered with minimal rock cut. To define the presence of very 
soft material, it may be desirable to include a drum angular position indicator 
so that ceiling and floor locations arc readily recognized for the initial evalua- 
tions; at least an angular position sensor should be recorded together with pick 
output data and a voice commentary of operating conditions. 

After completion of the initial design of the telemetry transmitter 
assembly, a review was held with the operators of the Jane Mine at Indiana, 
Pennsylvania, to obtain some general reactions to the proposed installation* 
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DRUM POSITION 


Figure 42* Cutttng depth versus drum position (30* lag shadow pick) 




The reception of ttw concept waa Benerelly good; however* it wee et^geeted that 
a aurhioe mounting for foe tranemitler block would be more easily attadied and 
would require less modifioatlon to foe drum. With tint In mind* an alternate 
mounting (Fig. 43) was designed uddoh should mlnlmlae attainment oonoems. 
Overall dimensions are 4 1/2 by 6 by 2 In. Figure 44 shows foe fostallatlon of 
foe euriiaoe mount trannnitter assembly wifo an addltioiml bolt-on guard to 
protect the instrument lead tube from meotianloal damage. 

4.1.2.3 Computer Program tor Drum Depfo«K>f-Cot Analysis. This 
section contains a brief doecription of foe technique used in estimating foe dqfith 
of oit of a lagging drum |dck. 

Figure 45 is a vector diagram of two cutting ^cks mounted on a fonim 
which moves at a constant velocity (v). By inspectimi of foe diagram ft is noted 
that the cutting depth at the drum position ansde (o) for small offset angles (p) 
can be approximated by the sum of two components; i.e. * 


Cutting Oopth B AR I* R^ * 


where AR B R 2 ~ R| end R^ • foe projection of ( v * t^) along R j. 

Since the drum is rotating and translating at a constant rate, foe displace- 
ment projection of ( v • t^ in the direction of Rj can be estimated fay 


R ~ V • sinrv t^ 

X 0 


where t^ is the time in seconds it takes the drum to rotate through the angle 0 
and is given by 

00.0 

2iiN(57.205) * 

whore 0 - offset angle in degrees and M - drum rotation rate in rpm. Hie depth 
of cut of the lagging pick is then 


HI 





Figure 44. Pick Uock assembly 








The computer code used calculates the depth of cut at 3" intervals over 
the forward movii^ semicircle and plots these results. For a standard double- 
laced drum, the offset angle is 180*^ and R| = R 2 * Computational results of the 
base-line case are shown on Figure 41. 

4. 1.2.4 Test and Evaluation Plans. Field tests of the sensitized pick 
CIO data transmission system are planned in one or more mines to obtain 
detailed magnetic t^)e data for definition of signal processing techniques and 
control logic analysis. These test data are not presently available in any suitable 
form and are a necessary step in the application of this CID to automated machine 
control. 


Application of the telemetry system was carried out in three parts. The 
initial phase included the finalizing of the receiver package design, procurement 
of components, assembly, and laboratory checkout. Following this the necessary 
MESA and State of Pennsylvania permits and approvals are to be obtained to 
satisfy intrinsic safety requirements for use in gaseous coal mines. 

In the second phase, it is planned that the telemetry system be taken to 
the Bruceton Surface Test Facility and attached to the Joy mining machine for 
evaluation of telemetry output characteristics and as a check for interference 
with the remote control instrumentation system used with that machine. The 
influence of RF fields around electrical components can also be evaluated, and 
an initial evaluation of telemetry antenna location can be accomplished. Checkout 
with this machine would insure minimum difficulties in the underground test 
phase. 


In the third phase, mine testing is planned to provide examples of normal 
pick dynamic load conditions with a number of variations which can direct the 
selection of an optimum measurement system. For control, it is planned that 
one standard bit location be instrumented with strain and acceleration transducers 
and monitored throu^out fiic test. At a location 180* around the drum, a shadow 
pick arrangement will be installed which follows as closely behind its lead pick 
as possible. The output of tiic shadow pick with a standard bit. one 0. 25 in. 
loiter than normal and one 0. 50 in. longer than normal installed, will be 
recorded while operating in a variety of materials (coal. rock, and clay) 
together with the output of the control pick. In addition, a phase indicator which 
produces a voltage pulse at a known angular drum position should be recorded 
concurrently with strain and acceleration measurements, as well as a voice 
commentary describing the operatit^ conditions. 
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If praottoal a measure of machine traverse velocity will be made aimul- 
taneonslyt one possible scheme is to count links as the haulage chain is polled 
throui^. The seventh channel of the analog tape recorder can be used to record 
machine background sound level or acceleration to further oharacteriae the 
operating environment. 

Installation of the sensitized pick CID data transmission system aiipears 
to be possible at the Jane Mine of Rochester and Pittsburgh Coal Company. A 
detailed explanation of installation and operational requirements for this system 
was presented to toe operations management of that ndne« and assurance was 
given that toey would aid in obtaining toe required test information. 

4.1.3 Surface Recognition CID. Both the impact penetrometer and 
refle' *»metmr ClD*s have undergone two sets of tests at the Safety Researdi 
M; no u Brucetcm, Pennsylvania; the first in April of 1976 and the second in 
August of 1976. The reflectometer operation is based on the assumption that toe 
reflecting properties of coal and shale are difierent. This was demonstrated to 
be a reasonable assumption and gave positive results during both tests. The 
impact penetrometer, however, is based on the assumption that coal is more 
compliant than shale. This was the case for the first series of tests performed 
in April; however, one*«ite observation and analysis of toe test data ^wed toat 
toe conditions at toe test sight in August were considerably different firom those 
in April. In April, toe shale was hard and less compliant than the coal, but in 
August-September the coal was harder than toe shale. As a result of this change 
in physical properttes, the impact penetrometer tests performed in September 
were not aide to correctly differentiate the coal surface foom that of the shale. 

It is still unknown whether this change in physical properties of toe materials 

is a normal seasonal change, or if it was due to otoer causes. 

Following these tests it was decided to combine the reflectometer and 
impact penetrometer ClD*s into one surface recognition CID. This C3D would 
use an electronic majority voting circuit to identify the surface. This new CID 
was designed to include two reflectometers and one impact penetrometer. 

The instrument design (Fig. 46) is currently being fabricated by Pedigo 
Welding and Fabricating Co. , Lacey's Spring, Alabama, and is now scheduled 
for delivery in November 1977. 

4.1.4 Radar CID. A series of field tests were performed in the Bureau's 
experimental coal mine at Bruceton, Pennsylvania. Tests were conducted during 
toe week of November 15, 1976. The test area consisted of a series of stq)s cut 
approximately 4, 6, and 10 in. thick as measured from the surface of toe coal 
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to diale roof interface* Steps were also cut for floor coal tiiickness tests* A 
metal track was installed under the test section to allow easy movement of radar 
(mounted on a ulteeled cart) under coal steps* 

Four FM/CW radar configurations, <^erating over sw^t RF frequency 
range of 1* 7 to 4.3 GHz, were used in this series of tests: 

(a) A two antenna, linearly polarized radar (identical to the one used in 
the Mardi 1976 field test at Bruceton) * 

(b) A sii^e horn antenna radar, linearly polarized, using a hybrid 
cmqiler to accomidish the transmit-receiver diplexing function. 

(c) A circularly polarized, low gain (6 to 8 dB) horn antenna radar, 
similar to that in (b). 

(d) A circularly polarized, high gain (20 dB) horn antenna radar, also 
similar to that in (b) except for antenna. 

Configurations (c) and (d) used polarization diversity to accomplish the 
transmit/rcceive fiinction. 

The interface return signals were quite weak when conq>ared to measure- 
ments made in March 1976. The shale interface was detected at a range of 5 to 
6 in. thickness but was of insufficient amplitude for the reliable signal processing 
required for automated control. (Test results, documented as test No. 

T7-1 to T7-11, dated 11-18-7G, not included in report. ) Overall, radar con- 
figurations (a) , (b) , and (c) did not have any particular performance advantage 
over one another. Laboratory tests indicated two antenna radars had a sli^t 
sensitivity improvement (3 to 5 dB) because of better transmitter to receiver 
isolation. Single antenna radars have better accuracy at short coal surface to 
antenna spacings (<30 cm) because of geometric errors. Configuration (d) 
showed a sli^t advantage at larger depths of coal because of higher antenna 
gain; however, because of its large physical size this antenna was not practicable 
for most machine installations. 

It is believed that the most probable cause of the relatively poor per- 
formance in this test series is the difference in moisture content. Moisture 
content was reported in March 1976 as 1.4 percent; however, by November it 
had increased 78 percent to 2.54 percent which increased coal attenuation 
from 2.2 to 2.9 dB/in. at 3 GHz (Fig. 47) . Therefore the interface return 
signal was attenuated to the point that it could not overcome the masking efiect 
of the front (coal) face reflection. 
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Figure 47* KF attenuation for coal. 

4. 1.4.1 RF Properties of Coal. To better understand the effect of coal 
RF property variations, such as attenuation, several field tests were made. 

Prior to this, uvallaldo data had been extrapolated from low frequency measure- 
ments of other investigators |7| . Hiis information together with a few discrete 
dielectric constant and dissipation measurements made at MSFC by P. Swindall 
|8| resulted in a projection of an envelope of attenuation as a function frequency 
(Fig. 48). Actual attenuation measurement at Bruccton, Pennsylvania, are 
superimposed on Figure 48. 



J. R* Lundien 19] and A« Von Hippel (lOJ have performed experiments 
relating moisture content to RF loss of a plane wave passing throu^ a dieleotrio* 
The RF attenuation tests made on several coal samples show a close relationsh^t 
to moisture content (Fig* 48) . 

An accurate measurement of RF attenuation of the Bruoeton coal was made 
Septeniber 1976* A large unbroken san^le of coal (27 hy 27 by 18 in. ) was 
obtained during face preparation for radar tests. This sam|de was measured in 
the mine over foe frequency range of 2.2 to 4.3 GHz. At 2.3 GHz. attenuation 
was 2.2 dB/in. and increased to 3. 6 dB/in. at 4. 3 GHz. Average attenuation at 
radar center frequency was 2.9 dB/in. at 3 GHz. Total round trip loss for 
10 in. of coal (assuming 100 percent reflection at shale interface) is 58 dB. 

A second large coal samide was obtained and measured in the Jim Walters 
Resources Bessie Mine. Graysville. Alabama. The sample was ai^roximately 
38 by 37 by 19 in., and tests were made in the repair area within the mine. The 
sample was iqqiroximately 48 hr old at time of measimement. Measurements 
were made by placing coal between the transmitter and receiver and recording 
the power level during the sweep period of transmitter. The frequency range of 
measurement covered was 2 to 4 GHz. A dielectric constant of e » 5.4 was deter> 
mined by measuring radar thickness of coal and comparing with the equivalent 
open air spacing. 

The third sample, of unknown origin, was a random sample obtained from 
The City Coal Company. Huntsville. Alabama. The sample was extremely dry. 
having been in the MSEC laboratory for over one and one-half (1 1/2) years. 

Comparison of tests is shown in Figure 48. The number of tests con- 
ducted. measuring attenuation, and its relation to moisture contents are not 
sufficient for good statistical data, but show a trend relating moisture level to 
attenuation. 

4. 1.4.2 Target Masking. An inspection of the RF attenuation chart for 
the Bruceton grade coal shows approximately 2.9 dB attenuation per inch at 
3 GHz. A 10 in. coal thickness wcoild have 29 dB loss for each direction plus 
scattering loss at shale interfaces for a total of approximately 58 dB. This loss 
sets the minimum radar performance for a 10 in. coal section* A section with 
a smaller thickness would have less loss or a stronger reflected signal from the 
coal/shale interface. 

The mixer output signal of a FM/CW radar range is a frequency function. 

A target is indicated by a peak in amplitude at a specific frequency which is 


related to coal thicknesa* It is, however, not a dlsorete frequency but an 
envelope of components every 100 Hz reaching a maximum at target range* The 
components diminish in amplitude at higher and lower frequencies but do not 
reach a zero value. These components (resulting from the RF modulation) form, 
in effect, an envelope that extends ifoovo and below the actual target* The 
envelope resultii^ from the front coal target surface masks foe second or coal 
shale interface target* The masking obscures foe interfoce unless foe coal is 
thin (less than 5* 5 in* ) * Figure 49 presents a graphic illustration of foe 
masking effect and also shows foe range at which ooal/shale target signal is 
larger than masking envel<q[)e* It should be noted foot Figure 49 relates only to 
performance of radar operating over an RF range of 1*7 to 4*3 GHz, with a 
100 Hz triangular frequency sweep* Ofoer values w/U change the picture 
dramatically, but with tradeoff in size and complexity* For example, lowering 
the RF range to 0*7 to 2*7 GHz would increase the level of interface s^nal 
because foe coal attenuation is approximately one half foe 1* 7 to 4* 3 GHz values 
which was used in most testing to date. The improvement would make foe 
antenna signiHcmitly larger, but should be considered for system improvement* 
These tradeoffs are being considered as one of several ways to overcome foe 
masking problem* Generally, at least 10 dB signal above noise is required for 
accurate target identification, regardless of the s^nal processing system. It is 
suspected, but not analytically proven, that a monocycle radar suffers from foe 
same masking effects* 

4.1.4.3 Radar Design/lmprovcments* The cxistii^ FM*GW radar 
operating over a frequency range of 1*7 to 4*3 GHz is limited in effective coal 
thickness range from a 2 in* minimum to approximately 5* 5 in* maximum* 

This design is considered satisfactory to support guidance and control testing 
planned in 1978 at the Bruccton Surface Test Facility* It is not recommended 
for in-mine longwoll applications. As explained previously the range limits are 
set by coal RF attenuation and front target masking effect* Figure 50 shows foe 
approximate coal thickness or resolution (minimum distance between two targets) 
as a function of the RF transmitter deviation and includes a 10 dB signal to noise 
allowance* 

New designs are proposed that will improve resolution as well as extend 
maximum depth measuring range. The range improvement will come from 
extending foe frequency deviation range of the transmitter from 0* 7 GHz at the 
low end of 4* 3 GHz at the high end on the first design and from 0.7 GHz to 8 GHz 
on the second design. At large ranges the higher frequencies will not be able to 
penetrate the coal; however, this only affects accuracy for thick coal sections* 
Thin coal sections will not attenuate the higher RF allowing use of foe foil FM 
sweep capability at the radar* 
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Figure 50« Multiple target resolution. 

This design demands antenna* oscillators* and related RF components 
to cover extremely wide RF bandwidths. In the case of the 0.7 to 8.0 GHz 
design, covering four octaves with the sweep is not possible with available 
components. One s<dution is to segment the frequency bands in four* one octave 
segments* The RF sweep will also be segmented and switched between various 
amplifiers and antennas to give the effect of a wide bandwidth sweep. Further 
refinements will include continuous power leveling and the use of gated and 
switched baseband preamplifiers. The overall objective is to supply the signal 
processor with a best signal that is continuous during the complete RF sweep 
from 0. 5 go 8 GHz. The disadvantages to this approach is that the number and 
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cost of YIG osctUators* ampllfierst otc. » are hlgh» also anteimaa are limited to 
one octave egement and are very large in alxe at the lower frequencies* For 
example» a O.d to 1*0 QHa antenna will be approxi mately 60 In* long with front 
opening of 14 14 In* 81se could possibly be reduced, but with performance 

reduction* Sii^ processliqt of data will be identical to that used with existing 
FM-CW coal ttiickmss radars* Component speciflcaUona are comidete* Early 
experiments are planned during FY78* 

4* 1*4.4 Signal Proccselnu . The detector output of a FM-CW radar is a 
comtdex waveform containing frequency components of the true target range, 
frequency components of false targets, and noise. The usual procedure used to 
display radar range data is to use a spectrum analyzer which will displa>’ all 
frequency components of the radar* The spectrum analyzer's horizontal axis is 
a display of radar range; amplituefc; is related to target signal strength. Typical 
frcfpiency values of the target run from 0 to IB kHz. A serond means of range 
readout Is the Fourier transform which is a quicker and a more accurate proce- 
dure ttian Is using analog spectrum analyzers. Sii^^c the transform is done within 
a digital computer, lata are then transferred to computer storage and are avail- 
able for other algorithms necessary to pin point target location. 

Figure &1 shows a typical plot of a FM-CW radar signal returned from 
cool. The figure shows the many false targets common to this type of radar. 

An unexpected finding, os a result of dynamic testing of the radar moving over 
a coal bed (simulating a loiqt wall machine) , wtis the C to 8 dB glint (the ranciom 
amplitude or angle fluctuations of a radar target) level of the interface return. 
The target gliid simplifies identification because it is continually changing in 
amplitude, whereas most other targets arc constant in amplitude. The following 
arc some of the more conventional techniques used to process radar signals: 

(n) Background subtraction for removal of systematic noise and false, 
non^oving targets associated with the radar. 

(b) lx)w frequency flllcring to suppress the DC component, and removal 
of 60, 120 Hz noise contmon to power linos. l«ow’ cutoff is usually set Just below 
the front target return* 

(c) R:idar antenna target — Over the extreme frequency bandwidth of 
this type of radar. It is difficult to match the antenna impedance to the rest of 
the coaxial network*^ 'rhe antenna will also show up as a false target and is 
easily Identlfl^le because it appears j.i.d priorto front surface target. However, 
it also will have a multiple internal rciicctlon within tiie coaxial network and will 
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return to the antenna* resulting in a second echo for u^loh the iq^arent range is 
greater than the foont surface echo and Is easily mistaken as the interface target. 
Anteima-originated false targets are predtctaUe and therefore can be removed 
by the signal processor. 

(d) Another false target results from the second round trip of the signal 
returned from the radar antenna and is also predictable in location (conq>uted 
hrmn radar to front coal distance) . Careful radar positioning can usually 
distinguish this target from the true interface. 

Signal processing will almost always involve one or more of the foUowing 
operations: 

(a) Storage 

(b) Filtering 

(c) Correlation 

(d) Fourier Transformation 

(c) Averaging. 

The sequence of these operations varies for eadi algorithm and therefore a 
digital* programmable signal processor is the most desirable form. Digital 
processing does have the potential problem of encoding noise and limited 
resolution of input analog to digital converter. Minimum input A/D must have 
a dynamic range exceeding maximum to minimum target ratios of 70 dB or 
12 bits. 


Most signal processing experiments have been conducted on a Hewlett 
Packaro 5481B Fourier analyzer. Its larger size limits in-mine use and 
therefore a miniaturized version is planned for later use in the program. 

Several techniques have been tried in recent weeks to reduce the magni- 
tude of the front surface target. The objective is to make visible the interface 
that may be attenuated as much as GO dB by the coal. 


Several techniques have been tried: 

(a) Direct RF subtraction 

(b) Glint averaging 
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(o) Feedforward (Utering* 

(d) Zero Hertz dynamic filter* 

(e) Linear deconvolution.* 

Ureot RF aubtraotion works very well under stationary conditions and 
vdiere some means are avalldtde to modify the rear target (enhance refleotimi). 
Th*s requires very accurate successive data sampling. The process consists of 
sinqily recording the taiget signal, enhancing the rear target and subtracting the 
two. To modify the rear target a second sample of coal can be used but It 
requires an almost Identloal surfooe quality and oareftd duplloatlon of foe dlstanoe 
to foe front surfooe. This is not a very praotioable method; however, dramatic 
results are obtained when foe front surface is nulled out. 

Glint averogiiqc is the same technique but takes advantage of foe varying 
amidltude of foe interface. The procedure is to sid^aot two successive sanqdes, 
which requires moving foe radar parallel to the coal surface. The first sample 
is foen subtracted from foe second sample. The results are encouraging but not 
dramatic because front surface return dso idints. Fortunately, the surfooe 
glint of the front face seems to be less foan foe glint from foe rear surface, 
thereby allowing subtraction to reduce foe magnitude of foe front face reflection 
more foan foe magnitude of the rear surface (the interface) reflection. 

The feedforward filtering and Zero Hertz Dynamic Filter make use of the 
limiting of foe FM radar signal to enhance foe stronger (front face) signal. 

Once foe strong front face signal is isolated, it can be subtracted from foe raw 
radar signal (signal containing both front surface and interfooe), leaving only 
the interfoee target. The zero hertz dynamic technique works in a similar 
manner; however, foe final step is to multiply foe two signals together. This 
causes the rear target to show up as a DC component that can be blocked out with 
a simple filter. Both techniques are in early test and have encouraging results. 

Figures 52, S3, and 54 illustrate the convenience of the zero hertz dynamic 
signal processing method in determining target range (foickness). In (a) of 
Figures 52, 53, and 54, the front and interface targets lay with a range of 6 to 
7.5 kHz. This signal was amplitude leveled, bandpass filtered (Fig. 55). A 
front target was synfoesized by amplitude limiting and filtering. This signal 


5. Technique suggested by Dr. Ely Boghdaddy, Info Systems Inc. , under 
contract Coal Radar Studies, NAS8-32655. 

0. Technique suggested by Dr. Larry Kennedy. National Research Post 
Doctortato Follow, assigned to MSEC. 
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FiguK 55. Elomeotal stqjw for signal processing 
longwall simulator test. 

was then mixed witJi the complex (front and rear) targets. Result (b) of these 
figures was to translate the front target to a DC value which was then eliminated 
by a blocking ct 4 >ocitor. The difference frequency (front minus the interface) 
is then proportional to coal thickness. Four data samples (c) were multiplied 
together to sujqpress the background, resulting in a strong tai^et identification 
(<*). 

The data are from actual tests performed on the longwall simulator and 
processed on a digital computer. The radar was mounted over a coal bed 
arranged in 2, 4, 6, and 8 in. thick steps. The radar was slowly moved over 
each step and signal recorded for later processing. The 2 in. coal step was 
just below minimum range capabtliiy of the radar. The coal used was very dry 
and had iq>proximately 35 percent less attenuation than normal mine fresh coal. 

Data points for fiie tests are shown in Figure 56. The radar operated 
over an RF band of 1.7 to 4.2 GHz with a sweep rate of 100 Hz. Two circular 
polarized antennas were used. 
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Figure 5ti. CID radar longwall simulator test. 


4. 1.4. 5 Conclusions. Very high attenuation of the radar signal passing 
throufi^ coal combined with front target, masking the weak interface signal and 
comprising the primary obstacle to developing a successful coal thickness radar. 
These factors have, thus far, restricted performance to a limited range of coal 
thicknesses ( 2 to 5. 5 in) . Several signal processing procedures are complete 
that output coal thickness reading every 5 sec using conventional moderate speed 
digital computers. Development of a miniaturized signal processor has been 
temporarily halted, awaiting industry development of second generation Fourier 
transform circuits that meet the 'time of computation" requirements necessary 
for shearer drum control. 

Continuing activity in radar development will be directed toward increas- 
ing range thickness capability by a substantial increase in RF bandwidth, reduc- 
tion in transmitter FM noise, and increase in dynamic range of signal processor 
input smalog circuits. Problems in reducing FM noise in YIG oscillators have 
renewed interest in two frequency radars and analytical studies are continuing. 
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4.1.5 Arttfldal Coal and Rock Material Test. Samlet of the artifiolal 
coal and rook materials which are planned tor use in the mock Longwall teat 
tooilities at Bruoeton have been tested tor experimental ClD's operatioim and 
physical properties. The five samides are identified in Table 9. 

TABLES. ARimCIAL COAL^OCK SAMPLES 


Sample 

Size 

Conqx>sition 

No. 1 Artificial Coal 

24 X 24 X 24 in. 

See note 

No. 2 Artificial Coal 

36 X 36 X 3 in. 

See note 

No. 3 Artificial Rode 

36 X 36 X 3 in. 

8:1 (fly ash: cement) 

No. 4 Artificial Rock 

18 X 18 X 10 in. 

8:1 (fly ash: cement) 

No. 5 Artificial Coal 

3 X 3 X 3 in. 

See note 


Note: Coal: 10, Fly Ash: 8, Cement: 1, Water: 1 1/2 


4. 1.5. 1 Experimental ClD Tests. The operational tests pertormed on 
artificial coal sample No. 1 were limited to the surface recognition ClD*s, i.e. , 
reflectometer and impact penetrometer, because the test specimens depth 
(24 in. ) exceeded the depth measuiii^ c:^)abilities of the radar and nucleonic 
CIO's. The reflectometer and impact penetrometer identified the surface of the 
test specimen as diale because of the predominance of the bi£<ding material on 
the surface of the test i^ecimens. Its lig^it color and nonresilient nature are 
discriminating factors for shale. 

A second group of samples was provided in March 1977. These samples 
were poured in thinner sections to specifically accommodate testing the radar and 
nucleonic CIO's. The test specimen was arranged with the artificial coal 
specimen No. 2 placed on top of tiie artificial rock specimen No. 3 (Fig. 57) . 

Attempts to measure the thickness of artificial coal in this configuration 
with the FM/CW radar were unsucoessftil. Reflected electromagnetic waves 
occur when toere is a distinct change in the dielectric constant of the media 
throu^ vhidi the radar signal is being transmitted. The dielectric constants of 
the artificial coal and rock were too similar to generate the reflected wave and 
thus the radar was unable to measure toe artifioial coal toickness. A second 
test was pertormed after jdacing a sheet of aluminum foil at the artifioial coal,' 
rock intertoce. Under toese conditions, toe radar was able to measure the depth 
of the artificial coal. 
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The backscatter gamma ruy nucleonic CIO was also tested on the arti- 
ficial test specimen per Figure 57A. The nucleonic CIO was configured with a 
20 in. separation distance between the 30 miUicurrie cesium source and the 
detector. Measurements of the artificial coal depth with this CID were also 
unsuccessful because of the similarity in densities of the two substitute materials: 
artificial coal 1.6 gm/cc and artificial rock 1.66 gm/cc. However, a second test 
(Fig. STB) was performed with the artificial coal sanqile No. 2 placed on top of 
solid cement blocks, density 2.4 gm/cc. With this configuration of artificial 
materials, tiie nucleonic CIO was able to measure the deptii of the artificial coal. 



(A) 
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(B) 

Figure 57. Test specimen arrangements. 












Surface reoognltiott teete were alee performed on teet epeolmene No. 2* 
No. 3. and NO. 4. Again, the refleotomeler and inqtaot penetrometer (30*a 
ooidd not oorreotly identify the artUlolal teat q>eclmen8. Thie was again due to 
foe predominance of the Ught o<dor and hard binding material on the aurtaoe of 
die teat apeoimens. 

4.1.6.2 Huralcal Property Teeta. In addition to the operational CID 
teats, the test specimens were also tested for determination those physical 
properties which directly affect the <qwrations of the ClD*s. These properties 
Im^de diore D hardness, moisture content, densify, cmnpressive strengUi, 
didet^ic constant, and loss tangent. The values listed as tiie fdiysioal proper- 
ties in Table 10 can only be regarded as mean values because of the extremely 
noidiomogeneous nature of Niese test qwoimens. 

TABLE 10. PHYSICAL PROPERTIES OF ARTIFICIAL COAL AND SHALE 


Speeimens 

Shore D 
Rardneua 

Molatare 

(%) 

Density 

(g/co) 

Compressive 

Strength 

(pd) 

Oieleotrlo 

Constant 

Loss 

Tsngent 

(dB/in.) 

Artificial Coal 
(fyeohnenNo. 1) 

M-68 

3 

1.6 

800 

12.1 

2.0 

Natural Coal 

68-82 

1.4-0.28 


- 

4.8 

3.0 

Artillolal Rook 
(^loolinon No. S) 

40-68 

3.8 


— 

18.7 

— 

Shale (Natural) 

87 

- 

2.8 

- 

- 

- 


4. 1,5. 3 Recommendattons . The following recommendations are made 
to enable testing/operation of the eiqterimental CIO's with the artificial coal and 
rock materials. It is not known wh^er these dianges will adversely affect the 
cutting characteristics of these materials. 

4. 1. 5. 3. 1 Radar . The addition of aluminum foil strips, steel needles, 
or some similar wrangement at the artificial ooal/rook interface will enable 
the FM/CW radar to measure tiie depth of the artificial coal. 

4. 1. 5. 3. 2 Nucleonic. The nucleonic CIO wiU fonction correctly by 
either increasing the density of the artificial rock mixture by 40 to 80 percent 
or by substituting solid cement block for artificial rock material. 
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4.1. 6.3.3 Impact Penetrometer. Hie concentration of coal lumps (2 in. 
diameter or Rreatcr) in the artifleial coal mixture must be increased to the 
extent that the probability that the strildnK head will hit coal rather ttian binder 
material is 4:1 or greater. 

4. 1.6. 3.4 Reflectometer. The color of the artificial coal must approxi- 
mate that of real coal, which can be accomplished by the addition of powdered coal 
to the artificial coal mixture. 

4.2 Vertical Control System (VCSl 

4.2. 1 Current Concept. Since the last annual rqx>rt. changes have 
token place in the Longaall miner design which affect the performance of the 
VCS. These changes have been implemented in the Longu’all miner simulation 
and their effects arc included in this report. 

One important design change is the replacement of the gob side tra|q>ing 
shoes with a single skid located in the center of the chassis. The trapping shoes 
(located 116 in. apart) were previously considered to be the chassis/track 
points of contact for purposes of simulation. The face skids (located 81 in. 
apart) now control the pitching motion of the chassis as it traverses the track. 

The closer contact points result in more severe chassis undulations for given 
track variations. 

One of the original ground rules for VCS design is that the miner will be 
automated with the machine configuration as specified by the manufacturer. If 
changes are to be made (such as this one), it may be possible to make some 
performance improvement suggestions as to the implementation of these changes. 

Performance studies indicate that drum height variations due to track 
undulations arc dimiidshed if the c4iassis/trock contact points are moved as far 
apart as possible and the boom pivot points arc moved as close as possible. 
Ideally, the skid separation would be greater than the distance between the boom 
pivot points. This would improve pt'rformancc for the operator controlled as 
well :)8 tJic automated Ixingwall miner. 

Otitcr dimensional changes affecting performance arc: 

(a) Doom length — changed from 44.25 in. to 74.5 in. 

(b) Distance of boom pivot above skid plane — changed from 32. 5 in. 
to 35.25 in. 
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Hydrwdtoi (DnuB/Aetoator LiakacB^ . The aetuatioo ^yiteiii 
hee been changed from a maxiinuni flow of 7 gal/mln to 8 gal/min. The com- 
paiieon (Table 11) of the effaote of this diange are flieoretloal and do not reflect 
actual teeta. 


TABLE 11. THE(»B11CAL C0MPA1U80N OP CHANGE 
IN FLOWRATES 


Sin^e Boom Operation 

Flow 

(gal/mln) 

Actuator 
Extension Rate 
(in. /sec) 

Actuator 
Retraction Rate 
(in. /sec) 

7 


0.663 

0.788 

8 


0.746 

0.900 

Dual Boom Operation (Flowaplit) 

3.6 


0.326 

0.394 

4.0 


0.373 

0.460 


This change becomes more significant when coupled with the revised 
shearing boom geometry shown in Figure 58. Drum height (above the skid 
plane) is shown as a flinetion of actuation position and boom angle in Figure 59. 

Hie flowrate and boom length increases combine to produce the changes 
in the maximum drum rise and fall rates as shown in Table 12. 

Loi^all ntiner data taken from actual test of the actuation ^tem under 
the boom load are available. These data have been modeled and programmed 
and are curreidly in the debugging stage. The models will be imfdemented in 
the simulation as soon as the checkout phase is complete. 

4.2.2 VC8 Simulation Modifications. This section contains a brief 
discussion of tiie most important modifications made to fiie simulation during 
the past year. 
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•r geometry (horiEootal positioa paralld to chassis). 




TABLE 12. CHANGES IN MAXIMUM DRUM RISE AND FALL RATES 



Flow 

(gal/min) 

Boom 

Length 

(in.) 

Rise 

Rate 

(in. /sec) 

Fall 

Rate 

(in. /sec) 

Single or Dual 
Actuator Operation 

7 

44.25 

2.81 

3.39 

Single 

8 

74.5 

5.32 

6.41 

Single 

3.5 

44.25 

1.41 

1.70 

Dual 

4 

74.5 

2.66 

3.21 

Dual 


4. 2. 2. 1 CID Models Utilizing Statistical Errors. One of two statistical 
models can bo chosen. Each model begins with the output (e) of a perfect coal 
depth sensor. The output is in inches and is defined as the average coal depth 
taken over the sensor output period. 

4. 2. 2.1. 1 Model A. The output (e) is assumed to be the sum of the 

average coal depth (d^) and the average air gap between the sensor and 

coal surface, i.e., 


= d 

c AG 


A random number generator is then used to select an air g:^> from a histogram 

constructed from actual mine data and this equation is used to calculate the 

depth of coal, d . 

c 

A series of curves which represent the sensor output in counts as a 
function of coal depth and air gap have been permanently loaded into the simula- 
tion. Since the coal depth and air gap have been calculated and statistically 
selected, these curves may be entered and the correspondit^ count read. 

This count number must now be interpreted as a depth of coal to be 
passed on to the VCS. This is accomplished by means of the sensor calibration 
curve which is a single curve of counts versus coal depth. The coal depth as 
read from the calibration curve is then passed to the VCS, and the shearing 
drum is positioned accordingly. 

4.2.2. 1.2 Model B. This model allows the selection of a 3a error band 
which is then applied to the perfect sensor output. The distribution about the 
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perfect sensor value is assumed to be normal aiK) the statistioally selected error 
is added to tiie actual coal depth and then passed to the VCS* If the selected coal 
depth is less than aerot the depth is assumed to be aero. For this reason the 
distribution becomes skewed toward the positive values as the perfect sensor 
output becomes small. 

This model is used in the generation of the data presented in the simula- 
tion results section. 

4.2. 2. 2 More Accurate Determination of Actuator Command. The exact 
solution for the conversion of the drum height command to the actuator position 
command has been included in the simulation. In the past a straight line iq>proxl- 
matlon to this solution was used. The approximation introduced errors which 
have now been eliminated. The revised VCS diagram is shown in Figure 60. 

4. 2. 2. 3 Ihrum Filtering. This subject was discussed in the first yearly 
report and has now been implemented in the simulation. This feature simulates 
the movement of the drum circumference through the coal and has a smoothing 
effect on the remaining cool surface. Previously, the shearing drum cut was 
considered to be the trajectory of a point at the top or bottom of the drum on a 
line drawn vertically throuidi the hub. 

4. 2.2. 4 CID to Drum Top/Bottom Distance Indicators . In the baseline 
VCS. the coal depth sensor is mounted on an arm which trails the shearing drum 
(Fig. til). The current design calls for the mounting arm to maintain the same 
height ( relative to the skid plane) as the drum hub. The arm is connected in a 
parallelogram fashion to the chassis and will therefore lie in a plane parallel to 
the chassis and through the drum hub. This tilting of the mounting arm accord- 
ing to chassis undulations produces inherent errors in the distance indicators. 
This effect has been included in the simulation during the past year and tends 

to lessen the VCS performance for coal seams with undulating floors. 

4.2.2. 5 Turnaround. One of the problems involved in making multiple 
pass studies is simulating the Longwall minor turnaround at each end of the coal 
face. For simulation purposes the miner is assumed to traverse the entire coal 
face in one direction (no sumping) before the turnaround. One multiple pass 
study is presented in the simulation results (Section 4,2.2.ti) of this report. 

4.2,2.ti Simulation Hesults. The coal interface profile used to obtain 
the simulation results in this section is shown in Figure ti2. It is assumed that 
the coal/rock interface variations remain constant as the miner is advanced into 
the coal face. To insure tliat the chassis will undulate, a lost cut remainder has 
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Figure 61. Vertical control system (pictorial representation). 

been specified (Fig. 62). This remainder is assumed to be the coal thickness 
remaining (posittve remainder) and the depth of rock taken (negative remainder) 
as the coal face was being prepared for the first pass of file Longwall miner. 
This remainder, when superimposed on tiie floor profile, specifies the lay of 
the track for the first pass. When superimposed on tiie ceiling profile, it 
specifies the trajectory that the firont drum last*^ut follower wiU trace on the 
first pass. On the second and succeeding passes, these paths are determined 
by the cut of the preceding pass. 
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Figure G2. Profile and last cut remainder. 

Data have been generated which show performance trends as a function of 
depth sensor accuracy* depth sensor output period* and the use of sensitized 
picks as opposed to a rock avoidance scheme. 

Typical runs are shown in Figure 63 with the conditions of each run 
shown on the plot. The performance indicator was taken to be the volumetric 
sum of the coal left and the rock taken. The VCS has been biased to 1 in. ; 
tlicrefbrc* a perfect cut would leave 1 in. of coal on the floor and ceiling and take 
no rock. The last-cut following devices are not active for this series of runs. 
Performance trends arc more evident when the VCS is free to position the drum* 
unaffected by limited excursions* relative to the last cut. The data for this 
study are summarized :uid presented graphically in Figure 64. 

The plotted points in Figure 64* where sensitized picks are used* are 
very close together. 'I'his indicates that for this range of a values* the effect 
on performance is small. The lengthening of the CID output period shows a 
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Figure 63. (Continued) • 
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Figure 63. (Continued). 









pronounced reduction in performance (for rook avoidance and sensitized picks) 
as it has in past studies. Sensitized picks are definitely preferalde to rock 
avoidance schemes as shown by comparison in Figure 64. 

Figure 65 shows Ibe effect of chassis speed on performance. The point 
at 50 ft/nin represents the maximum speed at which the VCS is capable of 
removing US percent of the available coal. The volume of rock taken also 
increases with chassis speed. 
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Figure 65. Effect of velocily on performance. 
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The results Crom a midtliite pass stu4y the last-out follower active 
are shown in Figure 66. This smsor insures that ihe present out is within 2 in. 
of the last out. Passes No. 1 and No. 10 from this study are shown in Figures 
67 and 68| respectively. The miner travels flrom left to rijdtt in Figure 67 and 
rli^t to left in pass No. 10 and all even numbered passes. Figure 66 presents 
tile performance of the front and rear drums separately. An undulating track 
has a greater effect on rear drum control than on the front drum because of the 
greater lever arm of the drum and the CID to drum bottom distance indicator. 

Figure 66 indicates that total performance has reached a near steady 
state level by pass No. 6 and the total mining operation is stable throu^ pass 
No. 10. There is no indication that this situaticHi would change in succeeding 
passes. 


4.2.3 Summary. A more detailed view of the Longwall shearing machine 
together witii the various sensors and deployment devices is shown in Figure 69. 
The floor position sensor serves the same purpose for the rear drum as the 
last-cut follower does for the ftont drum. This miner configuration with the 
last cut sensors inactive and a chassis speed of 20 ft/min was used to generate 
the performance data presented in Figure 64. Figure 64 shows the performance 
trends in terms of the volumetric sum of the coal remaining and the rock taken. 

It should be noted that a perfect cut removes no rock; therefore, the line showing 
the perfect cut volume represents only the amount of coal remaining — > 1 in. on 
the floor and coiling for ^is case. To say that a certain percentage of the 
available coal was removed on any particular pass is to present an incomplete 
picture of machine performance. For this reason. Table 13 has been compiled 
for the case where sensitized picks are used and the depth sensor has an output 
period of one second. This equivalent depth represents the volume of coal 
remaining and rock taken when distributed over the entire Icngtli of the coal face. 

TABLE 13. PERFORMANCE SUMMARY FOR STATISTICAL SENSOR 


Coal Depth 
Sensor 
Uncertainty 
0 - (in.) 

Percent of 
Available 
Coal 

Removed 

Equivalent 
Coal Depth 
On Floor and 
Ceiling 
(in.) 

Rock Percentage 
Of Total 
Material 
Removed 

Equivalent 
Depth of 
Rock Taken 
On Floor and 
Ceiling (in.) 

1 

95.72 

1.50 

1.10 

0.38 

2 

96.20 

1.33 

1.24 

0.44 

4 

96.68 

1.16 

1.35 

0.48 

Ideal case 

100.00 

1.0 

0 

0 
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4. 2. 3.1 VCS Symbol Definition, 


B 

DEAOZ 

F 

G 

L 
M 
P . 



AZyL.V. 


Coal Depib Bias (in.) 

Dead Zone for Actuator On/Off Signal (in.) 

CID to Drum Top/Bottom Gain (unitless) 

Rock Withdrawal Gain (unitless) 

CID Trailing Distance (in.) 

Last Cut Step Limit (in.) 

Slope of Command Ramp (in. /sec) 

Output of CID to Drum Top/Bottom Indicator Averaged Over 
Seconds (in. ) 

Sensitized Pick Signal ( 1 if rock; 0 if coal) (unitless) 
Instantaneous Output of Last Cut Position Indicator (in.) 
Chassis Velocity (in. /sec) 

Control Ramp Gain (in. /in. ) 

Boom Actuator Displacement (in.) 

Commanded Boom Actuator Displacement (in.) 

Instantaneous Drum Height Relative to Skid Plane (in. ) 
Commanded Drum Height Relative to Skid Plane (in.) 
Commanded Chai:^e in Boom Actuator Displacement (in. ) 
Commanded Change in Drum Height Relative to Skid Plane (in. ) 
LastValue of AZ_ (in.) 

V/ 

Coal Interface Detector Output (in.) 


1 ) Rock Witiidrawal Inorement (in* ) 

T Ramp Change Time Increment (sec) 

^CID Interface Detector Output Period (sec) 

4* 2* 4 Alternative VCS Control Laws Study . This section summarizes the 
results of alternative ways to combine various CID measurements in an attempt to 
produce a single-drum cut exactly as desired. The baseline schmne uses a 
single drum and a trailing CID. The baseline CID eRectively produces one data 
point at each sample with no memory. The alternative schemes use CID error 
data, not only real time but also as stored in a memory from die present point 
back dirou^ as many as three complete cuts. 

This study used a desk top calculator (HP-9830) which is relatively easy 
to work with and allows many different things to be tried in a fairly short time* 
The 1108 detailed simulation is much more difficult to change. The idea was to 
compare all these different sdiemes under the same conditions, and if one or 
more looked better than the baseline scheme they would be incorporated into the 
large simulation for further study. 

One scheme was tried that required an additional simultaneous measure- 
ment behind the CID with the one at the CID. These two measurements are not 
of die coal interface but rather just the coal surface. Knowing the distance 
between these two points allows the slope of the cut coal surface to be determined. 
It was hoped that this information could be used to predict die drum position. It 
worked very well for zero CID measurement error, but at expected CID error 
levels it was unusable. 

4.2.4. 1 Control Law. The control law is basically given by 



C, + Bf(cj) . 


where C^ is the coal cut surface either behind or beside the drum to be updated, 
C^^^ is the new drum cut, B is a weighting coefficient, and f(Cj) is the error 
function for the scheme under consideration. 


€ l8 given generally by 


- Pi-(Ci + k + Dj) , 

where is the coal-rock Interface (profile) hei^ti K is the desired amount of 
coal to be left« and is the CID error in the ifii measurement. A positive 
means the cut was too low. 

Althou^ the profile was referenced to the floor throughout tlds study, it 
was done only to have a mental reference frame. The equations can be changed 
slif^tly so that the floor is not needed. One needs only to keep up with the 
profile change at each samide position. 

4.2.4. 2 Simulation Model. The simulation model is shown in Figure 70. 
The CID is located 2.5ft behind the drum in the present cut. The CID takes a 
measurement at 0. 5 ft intervals, and each of the errors is stored in a memory 
matrix. The last cut is 2.5 ft (drum width) away ftrom the present cut and those 
errors have also been stored. The last-cut sensor is in the last cut directly 
beside the drum. At least three previous cuts are similarly remembered. The 
cuts are sometimes referred to here as rows, and the same location in previous 
cuts form what is called here a column (Fig. 70) . 



COLUHN 


NOTCS: 

I. DOTS INDICBTC STORCD CID HCRSURDtENT 


2. LAST on HCI6HTCD SRNC RS CID 

Figure 70. Simulation model (top view) 
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In this aimtilation» when the drum hei|^t le determined the drum changes 
to that new height without delay* This gives a physical basis to die model* 
Calculations and plots are made on a point-io<ipoint basis however* The pro- 
cedure is the same throuj^ut so that valid comparisons can be made* 

This simulation is just a mechanization of the control law as previously 
shown. Cuts are spaced a drum*s width apart* altiiough this only matters for a 
pro01e varying into the face. Samples are taken each 0* 5 ft by die CID. Various 
combinations and weighting factors for all die data can be used* 

An important feature of this simulation is the ability to use various values 
of CID measurement error. This error is assumed to be normally distributed 
with a mean of zero. This is a reasonable approximation for the radar CID and 
also the nucleonic CID when trying to leave 4 in. of coal* The actual distribution 
used in the simulation was triangular which is a fair approximation to the normal 
distribution* The computation speed is much faster for the triangular dian for 
die normal. A triangular distribution widi 1 a of 1 in. is equivalent to a normal 
distribution with ala of 1. 2 in. 

The profile was varied across the face and into it. The profile shape 
was sawtoodi with a slope of 1 in 30 and a period of 24 ft. The profile varying 
into die foce at 1 in 30 is equivalent to shifting each successive profile to the left 
by 2.5 ft* which was done in simulation. 

The simulation flow chart is shown in Figure 71. Parameter definitions 
and a listing (in BASIC) are given in Paragraphs 4. 2.4. 7 and 4.2.4.8» 
respectively. 

4.2.4. 3 Alternative Error Functions. The simplest error function is just 
the error itself at either the CID or last-cut follower* This gives a simple 
proportional control law. 

An intuitively better error function is the average of several error 
measurements near the CID or last-cut follower* For the CIO* several points 
behind it can be averaged to help reduce the effect of sensor error althou^ the 
effect of the varying pr ofile introduces a new error. For the last-cut follower* 
points both ahead and behind it in the same cut can be avenged. Points can 
also be averaged in successive cuts (columns) away from foe last-cut follower* 
Profile variation affects these previous-cut averages also. 

A further step is to use various combinations of CID (present-cut) * last- 
cut (row) and other previous-cut (column) data* The relative importance of 
each term can be controlled as desired* 
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l%era are many other error tunotionB tiiat could be tried. One that was 
originally tried was the exponential smoothing hmctlon. This function effectively 
gives the most recent (nearest) point the largest weight and deoreasingly weights 
the rest of the points in an exponential manner. It was determined that this 
function gave results between those obtained with the single point and the average, 
so (for now) it was not considered ftirther. 

Another untried fo notion is one containing derivatives of the errors. 

Least squares curve fits rather than averages were tried with inconclusive 
results. There are also many more ways to combine the previous -cut data. 
Various prediction sdiemes could be used, considering file entire matrix of data 
rafiier than Just a row and column. The list of functions that could be tried is 
almost endless. Time allowed only the single point and average to be diecked in 
any detail. 

4.2.4.4 Comparison Criteria. The basis for comparing one trial against 
another is a mean and standard deviation. The mean is with respect to fiie 
desired coal depth (e.g.. 4 in. from the coal-rock interface) and is for one 
complete cut. The standard deviation is about this mean and is also for one cut. 
All trials in fiiis study showed that the mean tended toward zero if an initial step 
was given and remained near zero if no step was given. This was true even when 
the standard deviation was unstable. There were some differences in setfiing 
time for the mean, but these differences were overshadowed by the standard 
deviation performance. Sensor noise is a major parameter in this study, and 
the stuidard deviation shows the effect of sensor noise after it passes through 
the system. The tabulated results show the la values, and these can be 
compared directly with the simulated la sensor noise for any error function 
used. They can also bo compared with each other to determine which data 
combination produces the best cut (lowest value). 

4.2.4. 5 Results and Conclusions. The first simulation tried used only 
file data point in the last cut beside the drum and it gave good results. It was 
expected that averaging several points in frrnit of and behind this same point in 
the last cut would improve the results oven more; however, that was not the 
case. In fact, averagii^ more fiian two points produced an unstaUe system. 
Instability hero means that each cut generally has a larger standard deviation 
(i.e. , a router cut) than the one before. Even two points produced a rougher 
out than Just the one point alttou^ (his case was stable. 

A satisfoctory theoretical eiqilanation for this instability has not been 
seen. Pieking the sim{de case of a threo«point average, one poim to each siefo 
of (he last-cut follower, does show what happens to produce the instability. 

As previously stated, the mean remains near zero. Eventually the random points 
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fall Into the pattern aliere toe end polnto are of toe aame aign and oppoaite toe 
sign of toe center point* In tola aituation toe aign of the average will uaually be 
oniwaite that needed to improve the error at toe center point; hence* the iq>dated 
error is worse instead of better. This pattern eventus^ develops completely 
across toe cut* and the system gees unstable. 

Many combinations of points were tried in an effort to determine if the 
instatelity could be broken. For example* least squares were tried instead of 
toe average* but toe result was no better. 

Next the column averi^ alone was simulated. These results were 
always stable although many cuts were required before toe standard deviation 
(and mean) settled down to a steady-state value. 

Combinations of row and ctdumn data were tried* and the previously 
unstable row average became steUe when used in combination with toe column 
data. The results were not notieably different from those uhen using only 
column data. Row alone was better than column alone* but using both produced 
a little smoother cut when it finally settled out* All the runs rnach) up to this 
point did not vary the profile on successive cuts (iirto too face). 

The CID present-cut data were simulated and then combined with the row 
and column data* and the profile was varied into the face. A typical simulation 
output is shown in Figure 72. Sequential cuts go from bottom to top of the plot* 
and each cut contains 100 samples spaced at 0.5 ft. The first cut was generated 
from random CID measurements rdative to the desired profile. Later cuts were 
determined by the error function being tested. Figure 72 shows the profile 
changing into the face and how the error function of the one CIO point and one 
last-cut point performs with a CIO error of 1.2 in. 

The result-summary matrix is shown in Figure 73. The control law 
B « 1* and when both previous-cut and present-cut data are used, each is given 
equal wei|d)t« When row and column data are used together* each is given equal 
weight. Any combination of parameters can be evaluated by studying this matrix. 

Several conclusions can be drawn from Figure 73. The relatively large 
result with no sensor noise at all is due to having at least 2. 5 ft of sensor lag 
with any combination. This lag will not allow the variable profile to bo followed 
exactly (Fig. 74). 

The column average generally degrades performance because the data 
are so far away from the drum and no data are assumed to be availaUe between 
cuts. Results using column averages were not only larger but also took loiter 
to settle out as shown in Figure 75. 
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Using a CID average with previous-out data generally improves the 
results at higher noise levels. Compare Figure 72 with Figure 76. When used 
alone it tends to drop in and out of a limit-cycle oscillation and gives erratic 
results, as shown in Figure 73 and Figure 77, for CID a along. The CID- 
averi^ algorithm averages the two errors behind the CID with the error just 
found at the CID and modifies the cut hei^t measured at the CID. This modified 
cut height becomes the actual drum hei^t command. 

The last-cut average is unstable n^en used alone (Fig. 78) or with 
present-cut data. It is stabilized, however, by using fiie column average with 
it as shown in Figure 79. The data point at the last-cut sensor is used in both 
averages in this case. This puts enough weight on that point which is nearest 
the drum to make the system stable. Another scheme which stabilized the 
three-point average was to take the absolute value of the average and give it the 
sign of the point beside the drum. Neither scheme was as good as the one point 
alone, however. 

One requirement of the control system is to limit the cut-to-cut step to 
less than 2 in. at any point. At the simulated noise level of 1.2 in. the step 
was greater than 2 in. approximately one-third of the time. A last-cut sensor 
must be used to measure the cut-to-cut difference so it can be controlled. 

The best control-law algorithm in this study was the one last-cut data 
point used with one CID data point for low noise in Figure 80 and one last-cut 
data point used with the CID average for high noise in Figures 76 and 81. The 
hig^ simulated noise level is close to that actually obtained from the nucleonic 
CID (approximately 1.4 in. versus 1 in.). The last-cut sensor does not improve 
results significantly for a noise level of 0. 5 in. 

The baseline scheme was set up on both simulations so that simulated 
conditions were as much alike as possible. Two runs were made with each 
program: one was with no CID error and the other was with the actual nucleonic 
CID error. The simple simulation gave 0. 93 in. with no sensor error and 
l.GO in. with it. The complex simulation gave 1.30 in. without and 1.96 in. with 
error. The effects of detailed modclit^ cause the no-error difference, and the 
error-to-no-error ratio is within 15 percent for the two simulations. This is 
very close agreement for two independently developed simulations. 

The previously mentioned scheme which measured the cut-coal surface 
was originally proposed assuming that the distance between the coal surface 
measurements was one sample period. Without sensor noise this worked well, 
as shown in Figure 82, but even a small amount of sensor error produced very 
poor results as shown in Figure 83. The distance between coal surface 
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Figure 77. CID 3 only, noise = 1.2 in. 



Figure 78* Last-cut 3 only, no noise. 













Figure 83. Coal sl<^ scheine» noise » 0.4 in. 


metturemoBts was tlwB increased in st^s until it was equal to ttie CID distance 
bdiind drum. Results im|iroved as Rds distance increased because die 
predicted slope became less and loss for a givra difference between sensor 
outputs. However, the results wore still very poor. 

4.2.4.6 Future W<wrk. Several areas come to mind for continued work. 
One is to mm> the interfeoe profile using many stored previous cuts so fiiat sane 
kind of prediotion can be made oonoeming the interface. The system could even 
allow on-the-apot measurements (known pn^le) to be included in the precbction 
scheme. One problem will be knowing exactly where the points are located as 
mining progresses from cut to cut. 

There are many more combinatioiw of data Uiat could be tried with die 
variables used in Uiis study. The weifditiiv fectors B are actually fencUons of 
the sensor noise and profiles and need to be determined. There are many other 
realistic profiles that could be used iimluding some with discontinttities. Profiles 
varying into the face may also make it necessary to consider cut performance 
across the drum surfece. 

Considerable analytic work idiould be done to determine reasons for 
instability and get functional relationships between all the variables, this work 
could include stochastic varidi>les as well* The CID accuracy requirements 
would then be a straightforward calculation. 

4.2.4.7 VC8 Alternate Control Laws Simulation. 

10 DIM £8(100,101, CSU00),P8(1001.OS(10),R8[101,A8U00) 

20 11-2 
30 Ih>4 
40 14-0 
80 18-4 
60 16-0 
70 B-1 
60 B(Vil 
90 Bl-0.5 
100 A-0.4 
110 Al-0.4 
120 10*4 
130 N7-5 
140 M-3 
150 81-0 
160 N4-0 
170 N2-0 
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180 N»-5 
100 N9>3 
200 N*3 
210 NO-lOO 
220 N3-10 

230 N9-N9*(I2«1 ANDI2#0)-t>(I2*l)<f2»(l»i6) 

240 )^(Il-10Rnp4)-fN*(Il»l)*(I]«4) 

250 B1-B1*(I2«4)*(1194 OR I4#0)V(I2«4)* (11-4 AND 14-0) 

200 B0-BG«(12#5)<(>(I2*5) 

2*:0 N1>R]-E«E>0 

280 PRINT ”COl,UMN SCHEME nij” BE rA”B 
200 PRINT ’’ALPHA ”A;” COAI.B)AS”K 

300 PRINT ”8ENSOR 3 SIGMA ”M;” CUTS TO PROCESS ”N*(11#4 OR I4#0) 

310 PRINT ”NUMBER SAMPLES ”NO;»‘ TOTAL CUTS ”N3 

320 PRINT ’’AVERAGE” (N2fN4+l)*(I4»l)”COLUMNS”N2’BEHIND’N4”AHEAD 

330 PRINT ”STEP-’B1” aDSCIIEME”I2 

340 PRINT ”CID BEH1ND”N8” PROCESS”N9*(12#4)*(12#l)+(I2-l)’X;iD POINTS” 

350 PRINT ”PROFIIJBS’16” NOISE tJFED’lG 

360 PRINT ”CID BETA”B0;” CID PROPORTION”Bl 

370 I3*I>l/5 

380 E&>24 

381 PRINT ’TEBT/8AMPI^”2.5‘'I3j” 8AMPLB8/CYCLE”2* E6 
300 E7-G0 

400 P(ll»E7 

410 REDIM A(N0KC(N0] 

420 GOSUBI5 0F 1150,1090,1150,1000 
430 N5>N2-t-N4^1 
440 NG-NS+N0~1 
450 E4-(I1«1)+(14-1) 

400 GOR'm 1100 
470 M-M>ir, 

480 IF t:I33THEN 500 

490 Gcsr.n 1000 

500 IF IV? 3 'HI r?N 520 

610 Gor:nn 1070 

520 Sr/VLE 1.1!0,-5,10*N7+5 

530 p>”irr 

640 PVniT ’’CUT MEAN SIGMA STEPS” 

550 FO'’ TON3 

560 E^ -18=10 =E8»0 

570 0,. 5K(V-1)'»10 

580 NI^n?M 

590 IF HI N+1 THEN 610 
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600 GOSUB1300 
610 IF Y=1 THEN 630 
620 GOSUB 1900 
630 FORX=1TONO 
640 IF Y=1 THEN 880 
660 IF X N6 THEN 670 
660 GOSUB 1680 

670 GOTO II OF 790, 680,740, 800 
680 E=0 

690 FOR L=1 TO Nl-1 
700 E=E+EIX,LJ 
710 NEXT ! 

720 E=E/(N1-1) 

730 GOTO 800 
740 B>=0 

750 FOR L=N1-1 TO 1 STEP -1 
760 E=E+DILJ *E[X,L) 

770 NEXT L 
780 GOTO 800 
790 E=E(X,N1-1] 

800 IF 14=0 THEN 820 
810 GOSUB 1410 

820 IF 12=4 OR X <= N6 THEN 840 
830 Ift=C(X-N8j+B0*E3 
840 IF 14=0 AND 11=4 THEN 860 
850 I9=AIXJ+B*(E+E1)/E4 
860 18=I8»(X>N6)+A(X]*(X «= N6) 

870 C(Xj=Bl*I8f(l-Bl)*I9 

880 GOSUB 1240 

890 E(X,N1J=PIX1-(C[XJ+K+D) 

900 E0=E0+(EIX,N1J+D)*(E(X,N1)+D) 
910 E2=E2+E[X,N1J+D 

950 NEXTX 

951 IF Y=1 THEN 960 

952 FOR X=1 TO NO 

953 IF ABS(CIX]-AIXJ) <= 2 THEN 955 

954 E8=E8+1 

955 NEXTX 
960 MATA=C 
970 E2=E2/N0 

980 E0=SQR(E0/N0-E2*E2) 

990 PRINT Y; 


1000 FIXED 2 
1010 PRINT E2;E0; 

1020 STANDARD 

1021 PRINT E8 

1030 IF Y>N7 THEN 1050 
1040 GOSUB 1500 
1050 NBXTY 
1060 PRINT 
1070 PRINT 
1080 END 

1000 FORI»1TONO-1 

1100 Pll+ll-PUI+13 

1110 IFI«(INT(l/E6)+0,r>)*E6THEN 1130 

1120 13=-I3 

1130 NEXTl 

1140 RETURN 

1150 FOR 1=1 TO NO 

1160 P(I|-”-E7 

1170 NEXTl 

1180 RETURN 

1190 FOR 1=1 TO NO 

1200 GOSUB 1240 

1210 rfI|=PlI|-(K+IHSl) 

1220 NEXTl 

1230 RETimN 

1240 R=RND1 

1250 IF n>0.5THEN 1280 

1260 D-(l, tlPSQRR-l)*M 

1270 RETURN 

1280 D’(1-1.414*SQR(1-R))*M 
1290 RETURN 
1300 FORI'ITONO 
1310 FOR.T=2 TON+l 
1320 KH,.I-11=E|I,J| 

1330 NEXT. I 

1340 NFXTI 

1350 N1=N1-1 

1.360 RETURN 

1370 T.‘OR 1=0 TO N-1 

1380 0(N-1|=A*(1"A)»I 

1390 NEXTl 

MOO RETURN 
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1410 El^O 

1420 IF X>N2 AND X <>» N0-N4 THEN 1450 
1430 E1«EIX,N1-1| 

1440 GOTO 1490 

1450 FOR I=X-N2 TO X+N4 

1460 E1=E1+E(I,N1-11 

1470 NEXT I 

1480 E1=E1/N5 

1490 RETURN 

1500 FOR X=1 TO NO 

1510 PIiOTX,P(Xl“K 

1520 NEXTX 

1430 PEN 

1540 FORX=1TONO 
1550 PLOTX.CIXI 
1560 NEXTX 
1570 PEN 

1580 FORX=1TONO 
1590 PIX^TX,P[XJ 
ICOO NEXTX 
1610 PEN 

1620 IF Y#N7 THEN 1670 
1630 OFFSET 0,0 
1640 YAXIS 1 
1650 X/\XIS -5 
1660 YAXIS NO 
1670 RETURN 

IGvHO GOTO 12 OF 1840, 1780, 1710, 1850, 1690 

1690 E3=ElX-N8,Nl|+N8*(ElX-N8,Nl|-ElX~N8-l,NlI+ClX--N8l-ClX-N8-l|) 
1700 GOTO 1850 
1710 E3^0 
1720 I0=N9 

1730 FOR I=X-N8 TO X-N6 STEP -1 

1740 E3=E3+H110|*EII,N1J 

1750 10=10-1 

1760 NEXT I 

1770 GOTO 1850 

1780 E3=0 

1790 FOR I=X-N6 TO X-N8 
1800 E3=E3+EU,N1| 

1810 NEXT I 
1820 E3=E3A19 
1830 GOTO 1850 


1840 ES-E(X-N8,N1) 

1850 RETURN 
1860 FOR»>OTON9-1 
1870 R (N9*4]»A1'^ ( 1-Al) tl 
1880 NEXT I 
1890 RETURN 

1900 IF 1S»1 OR 15=2 THEN 2040 
1910 IF 15=4 THEN 1980 
1920 FOR 1=1 TO NO 
1930 PlIl=Ptll+N8>I7 
1940 NEXT I 

1950 IF (Y-l)#(INT((Y-l)*0,25)+0.5)*4 THEN 2040 

1960 I7i=-I7 

1970 GOTO 2040 

1980 FORI=N8HTONO 

1990 PU-N81=PIU 

2000 NEXT I 

2010 FOR 1=N0-N8+1 TO NO 
2020 PII1=2*E7-Pll-E6j 
2030 NEXT I 
2040 RETURN 

THE FOLLOWING SUBROUTINE USES DRUM CURVATURE TO MODIFY THE CUT. 
IT WAS NOT USED VERY MUCH AND NEEDS FURTHER CHECKOUT, 

THE FOLLOWING STATEMENTS ARE NEEDED TO USE THIS SUBROUTINE. 

869 B5=C(X) 

871 GOSUB 2050 

2050 IF X -0=4 OR X>N0-5 THEN 2200 

2060 BG=C IX J -0.606 

2070 B2=ClXl-2,504 

2080 B3=ClXJ-6 

2090 B4=CIXJ-12 

2100 ClX+5J=C(Xj-30 

2110 CIX)=CIXJ*(CIXJ >= B5)+B9*(CIXJ<B5) 

2120 CIX+1J=CIX+1I*(C(X+1] >= B6)+B6*(C[X+1J<B6) 

2130 C[X-1]=CIX-1J*(CIX-1J >= B6)+B64-(CIX-11<B6) 

2140 CIX+2J=CIX+2J*(C(X+2J >= B2)+B2* (CIX+2)<B2) 

2150 CIX-21=CIX-2J*(CtX-2)>= B2)+B2* (ClX-2J<B2) 

2160 ClX+31=ClX+3J*(ClX+3)>= B3)+B3* (ClX+3J<B3) 

2170 CIX-3J=C(X-3J*(CIX-3J >= B3)+B3* (ClX-3J<B3) 

2180 ClX+4)=C(X+4J*(ClX+4) >= B4)+B4^(ClX+4]<B4) 

2190 C(X-4J=C(X-4J*(C(X-4J >= B4)+B4* (C(X-4J<B4) 

2200 RETURN 
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4*2.4.8 Parameter Definitions 


11 Column Scheme: 1 = Single Point, 2 - Avg. of N Rows, 3 = Exp. 
Smoothing of N Rows, 4 = None 

12 CID Scheme: 1 s single Point, 2 = Avg. of N Cols. , 3 = Exp. 
Smoothing of N Cols. , 4 = None, 5 » Surface Measurements 

14 Use in-cut avg. ? 0 = No, 1 = Yes 

15 Profiles; 1 « Both flat, 2 = sawtooth cut, slope 17 and E6 samples 
per half cycle, 3 = Flat cut, sawtooth into face, 4 = sawtooth both ways 

B Control law error coefficient 

A Exponential coefficient for column 

A1 Exponential coefiicient for CID data 

K Coal to be left (Bias) , inches 

N7 No. cuts/plot 

M CID 3 sigma (triangular) error, inches 

SI Initial step added to first cut profile 

N4 No. Columns ahead of present position to average 

N2 No. Columns behind present position to average 

N8 No. Columns CID trails present position of drum 

N9 No. Columns (CID measurements) to average or smooth 

N No. last cuts to use 

No No. samples in one cut 

N3 Max. no. cuts per run 

13 (=17) Profile step (inches/foot) 
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16 


Noise after Initial out? 0 > No, 1 ■ Yes 
CIDB 


BO 

B1 Proportion of Control Signal ftrom CID 

Drum assumed to Be 2.5 ft wide 

Plots N7 cuts/page then just computes, rest up thru N3 

Prints: Cut, mean, la. No. steps > 2 in. 

mean is average of (profile-cut) across face = average error 
1 a is RMS deviation of cut from mean 

4.2.5 Joy Boom Actuation Transfer Function. A series of <^rational 
tests were performed on the Joy longwall shearer located at the Bureau of Mines 
in Bruceton, Pennsylvania. The purpose of these tests was to determine the 
transfer function and operational characteristics of the system. These charac- 
teristics were used to generate a simulation model of the longwall shearer to be 
used in the development of closed-loop VCS. 

The data obtained were for an unloaded condition since the drum was not 
cutting coal or driven into the coal seam by the linear drive along the track. 

The magnitude of the observed coupling between the booms is expected to change 
in the operational mode when the cutting drums and boom are under load. The 
loads on the system will result in higher system temperature and hydraulic 
pressures than have been obtained in these tests. 

Commands to the system were used to drive the boom cylinder control 
valves. A sinusoidal and a pulsed command were inputs. The outputs of the system 
will be the boom position, rate, and acceleration. Other selected internal 
system parameters were monitored such as hydraulic pressures, temperature 
of the hydraulic fluid, and boom cylinder position. During the system, data 
were tape recorded for later processing. 

The pressure sensors, temperature probe, accelerometers, rate gyros, 
and linear potentiometers were obtained as ofi-the-shelf, hardware items 
that had been used to support previous projects. The mounting fixture for the 
potentiometors, and the rate gyros and accelerometers was designed and 
fabricated. Two 11-channel tape recorders were used to record data. A multi- 
channel strip chart recorder was obtained to provide onsite monitoring of 
selected system parameters during tests. 
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Signal conditioners were obtained and calibrated for the accelerometerst 
pressure transducersi and the temperature probe* The temperature probe was 
calibrated to 250*F* and a calibration fixture was built and used to calibrate the 
pressure transducers to 2500 psi. The tangential accelerometer was selected 
at 5 g*s and the radial accelerometer at 1 g. 

Ihhouse design and development of supporting electronics included two 
demodulator outputs for the rate gyro packages for eadi boom* the pulse 
command generator, a linear isolation amplifier for the sinusoidal input, and a 
power supply and output signal distributor box contained the signal con- 
ditioners. A left boom potentiomoter (Y ) support fixture was built to suj^ort 

Li 

the pot at a low and high boom position. 
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An increase in the threshold for pulsed inputs was observed and was 
reflected in the simulation model together with the other significant characteris- 
tics determined by this study* 

No external loads were aiqplied to the cutting drums or booms. Before 
the tests, the tilt cylinders (roll) were positioned so the chassis was horizontal 
and the cowl was rotated veificaUy to permit the boom to be lowered to a 
horizontal position. This difiers from fite operational mode in that (he cowl mass 
adds to the boom mass and inertia during these tests. 

Input commands to the system (8 V) were selected fiom a pulse generator 
(which provided for a selection of various pulse durations and frequencies) or 
from a sine wave generator (for a range of fiequencies and amplitudes). These 
inputs were used to drive the ri^t and left booms individually or simultaneously. 
The input command to the left boom and right boom was interfaced through an 
oceanic coxuiector to the control valves and recorded on tape with the other 
system parameters. 

The system pressures were monitored with pressure transducers 
calibrated from 0 to 2500 psi. The stpply pressure regulator was set at 2200 psi, 
but due to limited access the pressure sensor was located between the pump and 
the regulator. During several tests, pressures exceeding 2500 psi within ^e 
system saturated the pressure sensors. Hydraulic temperature (T) was 
monitored in the return line. The hydraulic temperatures were found to be 
excessive, and a heat exchai^er was installed. 

The position of the boom cylinders was obtained by mounting linear 
potentiometers to the boom cylinder body and the slider to the boom cylinder rod. 
The boom cylinder stroke is 9. 5 in. The resultant boom angle is 36* . A boom 
angle of zero occurs when the boom is coUinear with the chassis or when the 
boom cylinder stroke is 3.25 in. 



. ... ■■ 1 
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The boom height potentiometer was monitored on the left boom to detect 
boom position relative to the ground reference* A potentiometer stand for low 
boom ancles and a stand extension were used for larger boom anj^es to support 
the potentiometer. 

Angular boom rates were detected by the rate gyro package. The opera- 
tional range of this sensor is ±20" /sec with a natural frequency of 23 Hz* 

The sensor disc which contains the rate gyro and the tangential and 
normal accelerometers was al^sned such that the tangential accelerometers were 
perpendicular to the centerline of the boom* 

The outputs from the sensors were routed to the signal conditioner and 
distribution box and then to the two Ampex 1300 tape recorders. Selected 
parameters were monitored and recorded on an ei^t channel Brush recorder* 
The Ampex recorder speed provided a 20 kHz frequency respcmse but data 
acquired on the Brush recorder are flat to 55 kHz* Eleven channels of data 
were recorded on each tape recorder* 

4*2*5* 1 IMscussion. The closed-loop VCS will be used to detect the 
difterence between a desired cutting depth of coal and the actual cutting depth 
that occurs* and to maintain that difference within prescribed limits. Commands 
from the controller to the longwall shearer control valve will be constant in 
magnitude but of variable duration* Since the present longwall shearer control 
valve is a proportional valve* a series of system tests were performed to 
investigate the linear and nonlinear system characteristics. These tests 
resulted in the identification of characteristics needed to develop an improved 
simulation model of the longwall shearer* 


As a result of these tests* it has been determined that the needle-dieck 
valve is a significant component in the d3mamic response characteristics of the 
system* The needle valve can be opened such that the rates to lower the boom 
exceed tiiose to raise it. A decrease in boom rates occurred when the booms 
were raised simultaneously* but this did not occur when they were lowered 
simultaneously* The complete closing of the needle valve restricts the flow so 
that the boom can only be raised* The needle valve position determines the 
down pulse duration for sustained oscillation* the rate the boom can be lowered* 
the frequency response curve* and the chatter level for a proportional input 
command* 

The primary control components of the Joy longwall shearer are shown 
in Figure 84 for a single boom* A ±8 V step command is provided as an Cen- 
trical input to the control valve* The output is hydraulic flow throui^ foe dual 









Figure 84. Primary control components of the Joy longwaU shearer. 





pilot check valve to the needle check valve and to the boom cylinder. When the 
boom is lowered the flow is restricted in the return line by tiie needle and check 
valve. This determines the rate the boom may be lowered. The flow through 
this valve should be adjusted (by tiie needle valve) such that the lowerii^ and 
raising rate of the boom is the same. Since an equal rate can be preset, the 
simulation model (at this level of definition) does not include the effects of the 
needle and chedc \^ve shown in Figure 84. 

When the actuator stroke (X^) is changed* the boom angle (B) changes 

and the drum is raised or lowered (Y, ). If tiie mass of the boom* drum* cowl. 

and motors is represented by a wei^t vector at the composite center of gravity 
of the boom then a load torque (T ) is produced about the pivot point. The load 

torque appltes a compressive force on the boom cylinder such that the actual 
piston position (X^) is less than (X^) . This compressive load is isolated from 

the control valve by die dual pilot check valve. The difference between X^ and 

X| is determined by the system stiffness represented by an equivalent spring 

constant The equivalent spring constant is determined by the structural 

stiffness K_ and actuator stiffiiess K . * The values of each of these will be 
5 A 

determined by the bulk modules of the oil, the boom cylinder structure, length 
and size of hydraulic lines, tie points, and pivot pin stiffness. Each of these 
parameters could be determined with further analysis and tests. The simulation 
model developed from the system tests is an end-to*^nd model which incorporates 
the component characteristics but docs not include a model of the components. 

The control valve was modeled for a 6 Hz frequency with a damping 
factor of 0.9. The velocity was limited such that a 100 percent step input 
provides a 100 percent output in 0. 25 sec with a 30 percent activation threshold. 
Maximum flow occurs before the valve is fully open because it is rated at 10 gal/ 
min and the pump supplies 8 gal/min for sin^e boom operation (Fig. 84). 

The dual pilot check valve isolates the flow until a force is applied to 
exceed the pilot centering spring. The return line is opened before this primary 
flow occurs. This provides an impulse to the system when the valve is initially 
opened and is due to the weight of the boom. This is shown as in Figure 85 

and is the result of the torque load T. being applied for t + 250 msec when the 

flow is negative. The switch closes when Qp = 5. 6 for single boom operation 

and Qp= 2.8 for dual boom operation. The resulting flow, when multiplied by 
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and integrated, represents the boom cylinder stroke which ranges trom 0 to 

9*5 in. A 3.25 in. bias is included, wfaid) represents the stroke when Uie boom 
is horizontal and B ■ 0. 

The linear equivalent spring constant is shown in Figure 66. The spring 

compression due to the actuator stroke produces a boom torque about the pivot and 

an angular acceleration B. The boom angle (B) when multiplied by the constant 

and summed with the 3.75 in. bias provides the actual actuator stroke X . . 
o A 

The weight of the boom produces the torque T, • This torque is applied 
to the boom dynamic in the form of a diange in flow rate for a duration of 
T^. The torque when multiplied by the gain factor and for seconds 
results in a peak amplitude even when the boom is lowered. 

An additional frequency component was observed from the rate gyro 
ou^ut during the test that was not seen at the boom cylinder* This frequency 
has been included in the Kp loop and combined in rates and integrated to provide 

a change in drum position Y, . 

L 


An example of tiie data obtained from the tests is provided in Figure 87. 
The left boom was commanded to raise and then lower by iiqnits C * The 

Lj 

resulting outputs of acceleration, rate, actual boom cylinder position, and 
supplied system pressure are given in Figure 87. 

System parameters and constants which were determined from analysis 
of the test data results and used to develop the simulation model arc presented 
in Paragraph 4. 2. 5, 2. 


4. 2* 5, 2 Symbol Definitions. 


Symbol Units 


Definition 



g 


Linear acceleration normal to boom and at 
drum axis 



V 


Step command to control servo valve, ±8 V 


J Ib-ft-sec* 


Moment of inertia of boom, drum, cowl and 
components, 8886.6 
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Figure S6. Linear equivalent spring coi 
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Symbol 


K, 


K 


B 


‘0 


K. 


K. 


K 


m 


K 


DF 


K 


0V 


K 


EQ 


K, 


K 


K 


K, 


K, 


K„ 


Units 

Ib/in* 
in. /rad 

in.-min/sec*gal 

1/sec 

V 

1/sec 

1/sec 

1/sec 

Ib/in. 

ft 

l/sec* 

l/sec* 

1/sec^ 

Ib/in. 

V 


Definition 

Spring constant of the boom cylinder 

Actuator displacement per radian boom 
rotation, 10.5 

Actuator velocity gain factor, 0. 933 

Inner loop damping gain factor of control 
valve, 67.9 

Control valve dead band, 2.4 

Inner loop damping gain factor, 5. 8 

Inner loop damping gain factor, 2.95 

Inner loop damping gain factor of dual pilot 
check valve, 7.04 

Equivalent system linear spring constant, 
610, 967 

Moment arm from pivot to boom cylinder 
tie point, 0.875 

Outer loop gain of a boom frequency 
component, 872 

Control valve input gain, 0.179 

Control valve outer loop gain, 1421 

Spring constant of boom structure and pivot 
and actuator tie points 

Input voltage limit, 8 


(gal sec/min) /fWb Torque to flow rate conversion factor, 13 


unltB 


Deflattion 


Symbol 


•Sr 

l/sec* 

Outer loop gain factor of dual pilot check 
valve, 25.27 

00 

psi 

System supply pressure 


gal/min 

Hydraulic flow supplied to boom control 
valve, 8 or 4 

■^L 

ft-lb 

Torque on boom cylinder due to weight of 
boom, 54 X lo’ 

Jit 

msec 

Simulated response time of toe dual pilot 
check valve, 250 


lb 

Weight of boom, drum, cowl and motors, 
12 185 

’'a 

in. 

(X^ = Xj^) Actual position of toe boom 
cylinder when T is applied 

1j 


in. 

Ideal position of boom cylinder, X = 3, 25 in. 
when B = 0 


in. 

Linear change of boom height at drum 
center line 

B 

rad 

Position ai^le of boom from a horizontal 
position 

• 

B 

rad/sec 

Angular rate of boom 

• • 

B 

rad/sec* 

Angular acceleration of boom 


4,2.6 Joy Shearer Vibration Mensuremonts . The t' of obtaining in- 
mine vibration data from an operational Longwall shearing i. hine was com- 
pleted this year. This work was performed by the Shaker Corporation and 
consisted of design, mimufacture, and mine-permissible testing of instrumenta- 
tion anu recording equipment and the in-mine acquisition of the data. Table 14 
and Figure 88 identify the test sensor and their locations on the Joy shearer. 


168 


TABLE 14. MINE TEST SENSORS - JOY LONGWALL SHEARER 
(KOPPERSTON NO. 2 MINE - KOPPERSTON. 

WEST VIRGINIA) 

Tape No. 169 LocMteed Electronics Recorder 15 ips tape speed 

Tape No. 170 

Location Sensor Description 

1 Vertical Main Frame Accelerometer — PCB 308A03, 
Left-Hand Upper Frame, Encore 501-1, Meg Input, 

Gob Side, and FM Record Channel 1 

2 Axial Ranging Am Accelerometer •— B& K 4344, Left- 
Hand Drum (Prime), Encore 501-2, lOOK Input, and 
Direct Record Channel 2 

3 45* Drive Sproket Accelerometer — PCB 308A03, 

Encore 501-3 Amp, Meg Input, Gob Side, and FM 
Record Channel 3 

4 Axial Ranging Arm Accelerometer -- B&’K 4344, Right- 
Hand Drum (Clean-Up Drum), Encore 501-4, lOOK 
Input, and Direct Record Channel 4 

5 Vortical Shoo Accelerometer — PCB 308A03, Right- 
Hand Side Lower Frame, Encore 501-5, Meg Input, Gob 
Side, and FM Record Channel 5 

6 Left-Hand Drum Sound — B& K 1/2 in. Microphone witli 
2203 SLM Micropliono at I,oft-Hand Edge of Main Frame, 
Horizontal, Aimed Toward Left-Hand Entry, and Direct 
Record Channel G 


V.T. 


Face Side Main Frame Accelerometer — Vertical PCB 
30SA03, Center of Machine (nominal) Beside Venturi, 
Encore 501-G Amp, Meg Input, and FM Recoi’d Channel 7 

Voice Commentary of Test Conditions 


Notes: lOOK Encore Input AC IG Hz to 100 Ulz 
Meg Encore Inmit AC l.G Hz to 30 Idlz 
Accelerometers Stud Mounted on Cemented Blocks Using 
Eastman 910 Cement. 



FACE SIDE 



GOB SIDE 


CEILING 



NOTE: ACCELEROMETERS ARE STUD MOUNTED TO TAPPED 
PADS ATTACHED BY EASTMAN 910 CEMENT TO 
SHEARER STRUCTURE. 


Figure 88. Sensor locations — Joy shearer, 

4.2.6. 1 Review of Recorded Data. Review of these test data provides 
some insight into the type of responses that chassis-mounted transducers and 
electronics will experience during normal coal mining activities. Several 
observations can be made which will assist in maldng use of this information. 

Accelerations recorded from the ranging arm acccleromotei’s (Rfr K 
4344 units) are quite moderate witli peak responses occurring during what 
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ACCSLERATION Q*S PEAK 


seemed to be difficult cutting; a ir't. imum level of 4* 3 g peak was recorded for 
the left^and drum. The trailing drum generally has response levels one>fourth 
to one-tenth as great as the leading dnim which is proportional to the work being 
done by each. 

Maximum recorded mining machine chassis vibration occurs at about the 
center of the gob side frame, our location 3. A review of the acceleration peak 
hold spectrum analysis plot, Figure 89, shows a major frequency response at 
8 Hz of 0.26 g peak which, when converted to displacement, is equal to 80 mils 
peak-to-peak. The time averaged spectrum analysis level for the same operating 
region shows levels of 0.05 g, equivalent to 15 mils peak-to-peak displacement 
at 8 Hz. 
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Figure 89. Tape channel 3 accelerometer output spectrum analysis, 

normal cut moving left. 
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The face side chassis accelerometer, location 6, seems relatively lower 
in amplitude response with little of the low frequency vibration. It is assumed 
that the face side guide shoes stay in contact with the face conveyor rails with that 
as the pivot point for dium input force variations; a down force on the lead drum 
causes the gob side of the chassis to rise. Higher frequency components, 
however, are up somewhat in level with response at 760 Hz of a character which 
might cause loosening of bolts. Its source is unltnown. 

The gob side chassis sensor, location 5, was assumed to be near a guide 
shoe when it was selected; however, because of machine modifications face 
conveyor contact was not in that region, and only one shoe remained on tliat side 
right under the rack drive sprocket. The reduced amplitude low frequency 
response (below 10 Hz) , as compared to sensor location 3, indicates that the 
major responses are forced by the harder working drum and that chassis 
flexibility reduces responses away from the point of major load application. 

If this installation was cutting both directions, the sensor would have had 
increased response. 

One possible use of these test data would be the definition of platform 
vibration characteristics for qualification of mining machine transducers and 
conditioning equipment which are being developed for coal interface detection. 

It is expected that this is as typical of normal n\ining as can be obtained, at 
least in the full-cut conditions while moving left. Tramming speeds are fairly 
low at 10 ft/min. A recommended typical tost level for equipment qualification 
would be as follows, assuming a sinusoidal sweep to a shaker system; 

3 to 10 Hz = 0. 100 in. peak -peak amplitude 

10 to 30 Hz = 0.020 in. peak-peak amplitude 

30 to 500 Hz = 1 g peak acceleration 

500 to 3000 Hz = 3 g peak acceleration. 

A resonant search of tlio tested device should be conducted with a mini- 
mum of 10 min spent at each identified natural frequency. Natur;U fi’cqucncies 
of the Joy machine structure occur at 8, 20, 38, 90, 168, 331, 502, 756, and 
892 Hz; therefore, comiKinents to be mounted on this machine should not have 
resonances present within 5 percent of these frequencies. 
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4,3 Yaw Measurement Instrument 


4.3.1 General . The concept for the yaw angle measurement has been 
tested and verified feasible. This concept involves knowing the end location of 
the conveyor sections and the angles between successive sections. Using only 
the angle information and Imowing the length of each section, the curve of the 
conveyor between end points can be calculated. 

During the past year, the original yaw angle cart was modified into the 
configuration shown in Figure 90. This cart was able to measure its own bias 
ai^le error so that initial alignment of the first section was no longer necessary. 
The yaw angle cart measured only the bias angles and the angles between 
sections. These data were recorded by hand as the cart moved down the actual 
track. Conveyor trajectory was calculated by putting the data into a desk-top 
calculator and solving some equations. These calculated curves (Fig. 91) agree 
well with the measured or true curve. 

A request for proposal (RFP) has been written for the design and fabrics' 
tion of one yaw angle measuring device, to be mounted on the Joy longwall mining 
machine located at the Bureau of Mines in Bruceton. The concept for attaching 
the mechanical hardware to the Joy machine is shown in Figures 92, 93, and 94. 
The RFP also includes the design and construction of one electronics box to be 
mounted on the Joy machine and one processor and display panel control package 
to be located 150 ft from the machine. The electronics will process the data and 
transmit it to the processor by cable. The processor .will accumulate all data 
until a measurement is complete, then it will solve several algorithms to deter- 
mine the yaw displacement along the coal face. This information is transferred 
to the control package that will drive tlio display panel. 

The face measuring instrument, w'hose concept w-as embodied in the 
’’angle cart” breadboard design has been investigated to find a suitable solution 
for its functional integration into the longwall shearer. One possible method for 
design integration is shown in Figure 94. Figure 95 shows the breadboard of tlie 
control electronics for the display panel. This breadboard functions as it should 
and is ready to be packaged. 

The angle measurements arc made while tlie machine is operating and 
the alignment of the face is displayed at tlie end of the cut. The only inputs to 
the yaw measurement system after initial setup arc the end-point locations of 
the conveyor sections. These data need to bo updateti every S to 10 cuts. With 
this information, the display panel will sliow the niis:Uignmcnt of each conveyor 
section. The data are ready for either manual face aligranent control or an 
automated face alignment control. 
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•1,3.2 HofiuircmcntB . The ynw measuring device will bo doplgncd to 
meet the following Hpccificutions: 

(a) Accuracy — The overall system should l)c able to calculate the true 
curve of a ft coal face within il ft of the true position. 

(b) Operating Speed — The yaw angle measuilng device should bo able 
to take data while moving along the coal face at speeds between 0 to <10 ft /min. 

(e) Sample l.inearity — The angle samples must be evenly distrilnitcd 
over a ilistanee of 1 ft. 

(d) Inptit F^ita — Provisions must be made to input and store the 
following data: 

( 1) Knd |H)ints A and R, 

( 2) Number of runs using the same end )X)ints. 

(3) Number of sections. 

(e) Output liiform:dion — The machine should be able to display input 
dat.a on requert, and should also 1 h* :ible to rof|uest dat.a update with lights or 
ec|uivnlent. 

(f) Me.asiirement Direction — The yaw measurement is to be mad*? in 
one din'd Ion only. This will probably l>e m:ule when the mae' ine is traveling 
toward the » dry containing the display panel. 

(l*) CaleulaMon Time — The mieroproeei^sor shoubi be :ible to e:deulate 
the corn'd dlspl:if<'uu'nt curve within 2 min :ifti‘r the l:»sl angle is meiisured. 

(h) rc|uipnu'nt Roeatiori — Tin* nteasuring equipment should be located 
on the .loy m.ieliitie. The procc'ssor can lx* Ioe:ited on the machint'. Thi* input 
ami output termimds, display p:inel, and pam*! «lriver will lie located in the 
entry tunnel. 

(i) Data Tninsmission — Dita can lx* tnmsmitted from the m:iehine to 

tlu' display panel and input terminal over a r»(U) ft eoavird e:tble. ‘ 

( j) Mine Permissible — This first model does not have to meet the 
Mine Permissible S|x'eilie:ition. 


(k) Power Available — IIS V» 60 H 2 » ^20 V. 

(l) Abort a Run — Provision should be made to abort a run* 

(m) Start a Run — A pu^-biitton switch may be used to start a run* 
Operating Environment of Ai^aratus Delivered Under This Action. 

(n) Water Spray — System mast operate in water spray continuously. 

(o) Coal Dust — System is exposed to coal dust. 

(p) Air Temperature — 50* to 90*F* 

(q) Shock and Vibration — Must be able to operate while Joy machine 
is operatii^* 


4*4 Roll Measuring 

A requirement exists in the Automated Longwall system for an instrument 
that will measure the roll angle of tbe shearing machine about its longitudinal 
axis* This measurement will be used to control actuators that adjust the in-seam 
tilt of the ciittinj drum. A Moog Model 86-121 level sensor has been tested in 
the laboratory to verify its specified measuring accuracy of 1 arc min and 
linearity of 0* 5 percent of full scale (Fig. 96) * Plant for the roll sensor 
include the construction of a protective case which will permit its mounting on 
the Joy shearer at Bruceton* where fiirther tests will be performed. 
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5.0 TECHNICAL SUMMARY 


5.1 Nucleonic CID 

Work on the backscatter gamma ray nucleonic CID has progressed with 
the design and manufacture of the two^int contact, independent floating head 
instrument and its matit^ control and display box. The independent and floating 
heads were chosen to minimize the coal depdi measuring errors which are 
induced by the presence of air g^s between the instrument and the coal surface. 
It is anticipated that this experimental CID will have 0 to 8 in. d^th measuring 
capabilities with i:l/2 in. accuracy. This instrument will be tested on the MSFC 
CID simulator and in the Bruceton experimental mine before it is incorporated 
into the Mock Longwall VCS at Bruceton. 

5.2 Radar CID 

Because of its great poteritial. considerable effort has been expended on 
testing, evaluatii^. and improving the FM*CW radar. The present design 
operates over a frequency range of 2.2 to 4.3 GHz and has a measuring range 
of 2 to 5.5 in. with an accuracy of dbO.5 in. Studies have been conducted to 
identify the magnitude of the radar's signals attenuation as a function of the 
moisture in the coal and the masking of the coal/rock interface by the strong 
first return of the coal/air interffice, and to improved signal processing 
algorithms. Plans for the radar CID in FY78 include preparing and providing 
the 2.2 to 4.3 GHz radar for inclusion in the Mock Longwall VCS test program 
and the building and evaluation of an improved FM-CW radar which operates at 
0.7 to 4.3 GHz and one which operates at 0.7 to 8 GHz and has a theoretical 
measuring range of 1 to 12 in. in coal having an attenuation of 3 dB/in. 

(Bruceton Mine). 

5.3 Sensitized Pick CID 


A program was initiated this year for the design, manufacture, and mine 
test of a sensitized pick CID. The design consists of a standard pick mounted in 
a modified block, where the block is instrumented with a strain gage and 
accelerometer to measure the pick's cutting forces. The force measurements 
will be transmitted from the rotatii^ drum to a receiver mounted on the shearer 
chassis, where the data will be recorded on m^netic tape. Following the mine 
test, scheduled for early November 1977, the recorded data will be analyzed by 
MSFC for determination of a signal processing algorithm. The sensitized pick 
hardware will be transferred to the Bureau for mounting on their Joy shearing 
machine following the mine tests. 
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6*4 SuriaoeReoogiilitonClD 


Tte doBlgn of an experimental surfeoe recognition CID has been oom- 
]^eted, and mamifooture of the instrument is 95 percent complete. Performance 
evaluation tests will be made at MSFC usbig the CXD simulator and ilien at the 
Bruoeton experimental mine in early FY78. 

5.5 Natural Radiatton 

Studies were undertaken this year to determine the potmitlal for using the 
natural emission gamma rays from shale as a CID. This conc^ is similar in 
principle to the backscatter gamma ray CID. but does not require a radioactive 
source and does not have to be in immediate contact with the surface. The coal 
depdi is determined by the number of fdiotons counted in a specified time interval. 
The same sodium iodide crystal detector that is used in the backscatter nucleonic 
CIO is also used in this ooncq[>t. Tests were performed in several mines using 
several difierent detector shielding configurations. The test results indicated 
that this concept has considerable CID potential as a depth measuring sensor 
with 0 to 6 in. range and ±0. 5 in. accuracy. FY78 plans include fabrication and 
further mine testing of an experimental natural radiation CID. 

5.6 Magnetic Resonance CID (Late) 

A study has been made to ascertain the feasibility of using the magnetic 
resonance phenomena to measure coal seam thickness. Laboratory measure- 
ments of coal and shale samples have established that there is a significant 
difierence in the number of free hydrogen electrons in these materials, thereby 
making coal thickness measurements possible. Also, an analytical model of an 
idealized magnetic resonance CID was developed to determine instrument size 
and performance. Computer simulations have shown that a 12 by 12 by 6 in. 
instrument could measure 20 in. thick coal with an estimated accuracy of J:0,3 in. 
FY78 plans include the design, manufacture, and test of an experimental magnetic 
resonance CID. 

5.7 Hydraulic Drill CID 

The concept of locating the coal/rock interface by measuring Ihe depth of 
a slot which has been cut through the coal to the rock interface by a high pressure 
water jet will be investigated in FY78 by the University of Missouri at RoUa. 


5»8 Infrared CID 


Infrared measurements in the 8 to 12 m wavelength range were made on 
wet and dry coal and shale. The overlapping in data makes surface identification 
by this method impossible. No further activities are planned. 

5.9 Electrical Properties CID 

Laboratory tests were performed to determine whether coal and shale 
could be differentiated by resistance and/or capacitance measurements. An 
overlap in the coal and shale measurements when the surfaces were wet makes 
discrimination by this concept impossible. No further activities are planned. 

5.10 Thermal Sensitized Pick CID 

Monitoring of the cutting bit's temperature by means of thermistors 
implanted into the tip to identify the rise in temperature associt^ted with cutting 
rock ctoes not appear feasible because of the massive thermal inertia of cutting 
bit. measuring response time of thermistor, and the bit cooling effect due to the 
water spray. No further activities are planned. 

5.11 Mechanical Drill CID 

The concept of locating the coal/rock interface by instrumenting a 
mechanical drill to measure torque and/or the drill cutting chips via a reflectome- 
ter was investigated by three independent organizations: NASA, Foster-Miller, 
and Bendix, While the conclusions were not unanimous. NASA believes that for 
nonlongwall applications the mechanical drill concept does have sufficient potential 
to warrant its development into an engineering model for further testing, NASA, 
however, is not planning to continue this effort in FY78, based on discussions 
with the Bureau, 

5.12 Acoustic CID 

Laboratory tests performed under ideal conditions within 0, 25 and 0, 50 
MHz ultrasonic transmitter and receiver have shown that the signal attenuation 
in coal is approximately 6 dB/in, This value is approximately two times greater 
than radar signal attenuations and would limit the depth measuring capability of an 
acoustic CIO to approximately 2 in. In FY78 further investigations arc planned 
to include use of a lower frequency transducer to improve the instrument's 
depth measuring capabilities and methods of coupling the signals to coal. 
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5*13 

Samples of artiflolal ooal and rook materials which are fdanned for use in 
the Mock Longwall test facilities were provided by the Bureau of Mines for CID 
operational vezifioatlon tests. Nelfoer the radar, nuoleonlct nor surface recog- 
nition CID’s would fonctlon prcqiterly wiUi these samples. However, recommmida- 
ttons were provided for correcting the deficiencies. Additional tests are also 
idanned to Investigate the possibility of placing 0 to 2 in. segments of steel wire 
in the artificial rock material for interface bonding and radar signal reflections. 

5.14 Vertical Control System (VCSl 

Evaluation and refinement of the baseline VCS simulation model has 
continued this year. Several major changes in the model were required to reflect 
the latest configuration of the Joy shearing machine, namely the new location of 
the triqpping shoe and the longer boom arms. Refinements to the model involve 
statistical CID error models, more accurate determination of boom actuator 
controls, smoothing of the cut surface by modeling the foil circumferential drum 
cutting action. CID to drum top/bottom distance indicator, and multipass 
simulation capjfoilities. 

The simulation restdts indicate that the baseline VCS. which consists of 
a drum trailing depth measuring CU). sensitized {deles and last-cut follower can 
mine greater than 95 percent of the desired coal with 1.25 percent of the total 
extracted materials being rock when operating at 20 ft/min and employing a CID 
with a 3o error of 2 in. 

The simulation model wUl continue to be studied and refined during this 
coming year. One of the most important refinements will be inclusion of the 
hydraulic boom actuator dynamic model. 

5.15 Alternate VCS Studies 

In addition to the baseline VCS which is being analyzed, studies were also 
initiated to investigate the relative merits of an alternate VCS which employs 
various forms of predictive control laws. These studies were performed using 
a simplified math model of the system. Evaluation of the performance data 
indicates that the baseline VCS provides equal or better performance than 
investigated predictive control laws, vhen the system *s CIO has a la measuring 
accuracy of 0.4 in. or less. For systems employing less accurate CID's. the 
VCS performance can be increased by using a control law that uses stored CID 
measurements from the previous cut and present cut CID measurements. 




I 
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However* it is NASA's opinion that CID's will be available that have a la 
accuracy of 0. 5 in. or less and that switching from the baseline VCS to the 
predictive control law with its increased complexity is not warranted at this 
time. 


5.16 Joy Boom Actuator Transfer Function 

During the past year, a series of tests were conducted to determine the 
dynamic characterization of the Joy shearing machine hydraulic boom actuator 
control system. Following the test, the recorded data were analyzed and a 
mathematical model of the system was generated. This mathematical model will 
now be incorporated into the baseline VCS simulation to replace the Idnematic 
model of the actuator now being used. 

5.17 Yaw Measuring Instrument 

The angle measuring cart, which was built in FY76 to verify the concept 
which determines the face profile by measuring tlie relative angular change 
between successive conveyor sections, was modified tliis year ' y shortening the 
distance between the two angle measuring resolvers. This modification enables 
a new algorithm to calculate and remove steady-state bias error from the 
measurement. The angle measuring instiaiment can now measure the face 
profile to within ifi in. of its true position by knowing only tlic location of the 
two end points. A concept design has boon completed for this instrument which 
can be attached to the Joy machine, using the conveyor's gear rack for its 
measuring reference. Plans have been made to manufacture and test the angle 
measuring instrument on the Joy shearer, at Brviceton, in 1978. 

5. 18 Roll Measuring Instrument 

The roll measuring instrument has been laboratory tested for linearity 
and accuracy. The FY78 plans include mounting the instrument on the Joy 
machine at Bruceton for operational/cnvironment?’ tests. 

5.19 Joy Shearer In-Mino Environmental Data 

The task of measuring and recording the acceleration and acoustic level 
on the Joy shearing machine while operating in the mine was completed. These 
data were acquired from Joy LW-300 operating in the Kopporstone No, 2 mine. 
Analysis of these data identified natunil frequencies occurring in the machine's 
structure at 8, 20, 38, 90, 162, 331, 502, 25(5, and 892 Hz, with a peak accelera 
tion of 4,3 g occurring on the boom. A reconmiended vibration test criterion 
was formulated from these data for VCS instrunmnts that are to be mounted on 
the Joy machine. 
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6*0 SPECIAL STUOIBS 


6.1 ' Bltects of Automation on Production and Coat 

A limited study was initiated to obtain a better perspective of the potential 
benefits and limitations of automating fiie longwall shearing process, particularly 
wifii rest^ct to face production potential and cost. Some objectives of the study 
were to determines 

(a) Face production rate potential and limitations 

(b) EfiCct on cost of coal (minimum s^Ung price) 

(c) Effect on shearer guidance and control system technical requirements 
and cost of guidance and control. 

The preliminary results and conclusions reached from this study at fids 
point are summarized as followss 

(a) With an automated system which includes drum vertical control, foce 
advancement and alignment (yaw and roll), face production rates on the order of 
2600 tons/shift would be routinely possible (for the methods and conditions 
assumed for the study) within the limits of current equipment capabilities 
(Note: Highor face production rates have actually been achieved for short 
periods as evidenced at Consol*s Robinson Run Mine, when 12 395 tons were 
mined in a 24 hr period in January 1976) . 

(b) At this time there iqipears to be no particular limitation from the 
guidance and control system or available shearer haulage, shearer power and 
speeds up to 30 or 40 ft/min. Since control of ttie drums and foce advance will 
be automated, the operators will not have to ke^ up with the shearer or 
manually advance the roof supports at hi^ rates. A support must advance each 
10 sec for shearer speeds of 30 ft/min. Conveyor systems are currently 
limited to approximately 20 tons/mln, which equates to a maximum shearer 
speed of 30 ft/min and approximately 2500 tons/shift for a foil face cutting 
method (see Model B) in a 72-in. seam. Figures 97, 98, and 99 describe pro- 
duction mo(tels used in the study and the effect of shearer speed on face produc- 
tion for various conditions. Also the ciq>ability of the shearer to attain the 
necessary cutting rates does not appear to be a problem because available 
production units have the horsepower and speed range to meet these conditions. 






Figure 99. Longwall face productioD versus shearer speed. 


(c) The face production wd coat modele ftirther Indlcide the neoeeBlty of 
hi|^ equlimient reliability and the importance of minimizing down time* For 
example* tiie 2500 tons/shitt rate utilized in thie etudy ia obtainable on a routine 
baeia only if equipment availability of 70 percent can be realized* This equatee 
to a ehearer utilization (perorat of availidde uork time on face when almarer ie 
actually cutting coal) factor of 52 peroeid vereus 40 percent or lose now 
commonly eimountered. The effect of machine availability (time when equipment 
la not down for maintenance or repair) can be seen in Figure 97* Automation in 
lts<df may be able to eliminate some of this down time eauseo by such problems 
as misaligned face* inadequate roll control (wimre shearer tends to climb up and 
out of seam during advance) and high pick maintenance* However* this will 
require a guidance and control system widch is reliable* does not require muc*. 
maintenance and is easy to operate. 

(d) Figure 99 also shows the effect of shearer turmuround time on fara 
production. A turnaround time of 2 min id each end of Uie cut was assumed for 
ffie baseline case* By fortiier reducing turnaround time, ad^tional gains coidd 
be made in production rate. Automating the turnaround might accomidish this} 
however* trade-off sfodtes will be necessary to further assess this potential 
versus additional cost or comidexity* 

(e) For a face producti<m rate of 2500 tons/shift* the cost per ton of 
coal could be reduced by approximately 20 per^nt* as shown in Figure 100. 

The reduction comes from ( 1) with a 2500 Um/^ift/face c^^ebility oi 1y one<4ialf 



Figure 100. Poteidial rechicUon in cost of prepared coal 
with automated longwall face. 
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mmlwr of opemtiog loi^wall faoot would be required to achieve the eame 
amaial mine ou^wd (mlllloa tona/year), (2) lower overall percentage of waste 
material In the coal, and (3) some Increased recovery of coal fr>m the seam. 

Cost calculation wer? on the data presented In Bureau of Mines publlca- 
Uon 1C8716 and 8720 and Information supplied by the Jet Pr^nilslon Laboratory. 
For foie eaample, foe net difference In Um cost of coal was i^roxlmately 
$4/ton of processed coal or iqiproslmately $2/ton for the ROM (run-of-the-mlne) 
output. Most id foe savings in ROM coal esme from a reduction in foe initial and 
deferred ci^tal required wld: less number of loi^all faces. Of foe factors 
affecting foe net prioe per ton for proccssun ci^al, the effect of foe percentage of 
rode or waste In foe coal la quite significant, fhe assumptions as to the Icngwall 
contribution to ROM contamination levels used In this study were based upon foe 
field survey data by Arfour D. Little, Inc. , June 1977, for foe Bureau of Mines, 
available literature, and M8FC*s VC8 simulation studies. This information 
indicates that It shcmld be possible to reduce rock coiUamination levels currently 
experienced with the use of automated drum control and that control system 
recrements to produce cleaner coal should be further emi^asized. Improvement 
in contamination levds will require further study* However, even if there were 
no improvement in curroiH contamination levels, a significant price reduction on 
the order of 16 percent Is still realizable from foe other factors. 

(f) Figure 101 shows that beyond a rate of 21^ tons/shlft, there 
appears to be a decreasing cost advantage as the curve tends to flatten around 
3000 tons/shift; therefore, for foe 72 in. scam case, it would appear that most 
of foe benefits from increasing face production can be realized with the 
capacities of currently available equipment, 

(g) The increased equipment cost associated with automating and intprov- 
ing foe rellabtllty of the longwall equipment and its effect on the price of coal 
were coiuif derod. The q>oclfic costs of foe guidance and c<mtrol system or other 
longwall modifications required are not currently known; however, for these 
studies a factor of 1.25 times a standard longwall cost^ was used for the cost of 
an automated longwall system, which equates to a 1. 1 percent increase in price/ 
ton at 2500 tons/shift/face or a 2. 5 fmreent increase at H90 tons/shift/facc. It 
oan be seen from Figure 102 that the additional costs for automation would have 
to be considerably higher than this before significantly off>setting economic 
gains from increased production and clerner coal. This also suggests that 
addltitmal cost to obtain better equbnnont reliability and lower maintenance 
schedules would bo cpiite cost effective at the higher production rates for many 
situations. A detailed cost optimization or a trade-off analysis would be required 
for any given mine situation. 


7. Standard loi^all cost used for a 72 in. seam was opproximately 
$3 270 000/face. 
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Figure 102. Effect of increasing longwall equipment 
cost on cost of coal. 

Further results and details of these studies will be available under 
separate cover, when completed. 

6.2 Floor Cut Control 

The development of a roof CID has received the most attention in this 
program, principally because it is used in a simpler situation than the floor CID, 
i. e. , less water and debris. Because of these complications to floor sensing, 
an alternative to direct floor sensing has been under investigation. A preliminary 
investigation was conducted on the feasibility of cutting coal to a constant height, 
with the height being measured from the cut roof. Th.at is, a roof CID is used to 
cause the lead drum to cut within a prescribed distance of the roof interface and 
then the following drum is made to cut a constant distance from the roof cut. 

One way this can be done is to store the lead drum elevation as a function 
of downface distance so that when the floor drum is at a given distance down the 
face, its elevation is determined by th.nt which the roof drum had at that distance. 
This technique requires the measurement and storage of position and clev.ation 
data. 
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Another* and possibly simpler* wi^ is to sense tiie distance from the 
rear drum to the roof cut* and control the rear drum accordingly* If the distance 
is sensed from the chassis to the cut roof* an error can arise if the shearer has 
changed its pitch attitude during the time it takes for the rear drum to occupy the 
corresponding position. 

This error can be avoided if the distance is measured firom the drum hub 
to the cut roof. In this case* tha pitch attitude of the chassis has no effect* 

The next problem is how to measure the distance from the drum hub (or 
in that vicinity) to the present cut. Mechanical and noncontact devices have been 
considered; either one will have to be offset laterally so that the present roof cut 
is accessible. 

If radar (or acoustics) is used* there seems to be little problem in 
determining the reflection off the present cut and therefore the distance from the 
hub to the present cut* The radar unit will be mounted near the end of the 
ranging arm and therefore will be subjected to a harsh environment. Isolation 
is possible* however. 

While the severity of the mine environment is recognized* a mechanical 
device has not been ruled out; in fact* in many respects* it is superior to non- 
contacting devices. If made sufficiently sturdy* it could be mounted in the 
vicinity of the hub (on the ranging arm near the hub) and could be made 
deployable. The probe could be made telescoping and the relative displacement 
between the sliding members used as a control signal. The form of the signal 
could be electrical as in a linear potentiometer* or it could be a hydraulic 
system. 


An error is incurred if no provision is made to maintain the measuring 
probe at ri^t angles to the cut roof* i.c.* the probe maintains a fixed angle with 
the ranging arm. (Elevation or depression of the raiding arm changes the angle 
the probe makes with the present cut surface. ) However* simulation shows that 
the error is insignificant. 

In the simulation it was assumed that a mechanical probe was used that 
had a plate which pressed against the present cut* and that the response of the 
ranging arm was instantaneous. The results showed that suitable slaving of the 
rear drum was achievable. 

The present-cut follower could also be used as a last-cut follower by 
appropriate positioning (probably a rotation and retraction). 
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6.3 Radar Use tor Fault Deteotlon 

An investigation was undertaken during the course of testing the mono> 
03 rde radar. This investigation was an experimental determination of the effects 
of cracks in an otherwise homogeneous medium. The set-iq> consisted of 
illuminating a cinderblock wall wiQi die radar. The cinderUock wall was 9. 3 cm 
^ck. A second cinderUock wall was constructed parallel to. and direcfly 
behind, the first and could be moved from a position directly adjacent to fee 
front wall to any desired position bdiind it (Fig. 103) . 


FIRST WALL 

OF ONOERBLOCK SECOND WALL 




RADAR 

Figure 103. Test arrai^ement. 

Figure 104 shows a radar signal consisting of fee transmit pulse. A; fee 
reflection from the front face of the cinderblock, B; and fee reflection from the 
backface of the cinderblock, C, of a sit^le wall. To verify the identification of 
these locations, the second wall was shoved against the first wall, with the result 
shown in Figure 105. Note that the signal at C is no longer at the same position, 
but has shifted to the ri^t to a position twice the distance from B, indicating the 
double thickness. The interface of the two cinderblocks is not discernible with 
any confidence. 

Figure 106 shows the cinderblocks separated by approximately 3 mm. 

It is apparent that the interface between the two blocks is now emerging. Figure 
107 shows this more strongly for a 6 mm separation, where the backside of each 
block is shown at C and D. Figure 108 shows a 2 cm separation. The pre- 
dominance of the signal at C remained for all separations greater than 2 cm. 
Figure 109 shows the return for a separation of 4 cm. 

These results suggest fee possibility of usii^ monocycle radar for fault 
detection. 








RESULTS OF NATURAL RAOIAllON TESTS 


The test data were analyzed to determine their statistical charaoteristios; 
however, because of the large amount of data, only a few configurations were 
analyzed extensive. These statistioal analyses Included histogram, dii-square 
goodness-of-fit tests, calculation of means and standard deviations, and tests 
tor randomness. 


STATISTICAL CHARACTERISTICS 

Figure A-1 presents a histogram constructed from 300 readings. Super- 
imposed is the corresponding normal distribution. A chi-square test of these 
data with both a Poisson and normal discributiou showed that a better fit would 
have been obtained 40 percent of the time if sampled firom a Poisson population 
and a better fit would have bemi obtained 60 percent of the time from a normal 
population. Other histograms showed this tyjdcal shape. 

Since radioactive decay has long been used to illustrate Poisson processes 
in which the standard deviation is equal to the square root of the mean, the 
standard deviations for 31 tests (300 points per test) were plotted against their 
corresponding sample means (Fig. A-2). The trend is clear*, the larger the 
mean number of counts, the greater the standard deviation. 

A series of standard tests for randomness were run on some of the tests. 
In one such test, the 300 readings (in the sequence in which they were taken) 
were analysed for runs up and down, runs above and below the median, and the 
mean square successive difierence. These tests are sensitive to lack of 
randomness in successive readings [11]. Table A-1 shows a comparison of the 
theoretical and actual number of runs up and down for 100 data points. Table 
A -2 presents a comparison of the actual results with theoretical results for runs 
above and below the median. Agreement is acceptable in both tests, with the 
actual number of runs of all length lying within one standard deviation of (he 
theoretical average number of runs of all length. 

Finally, the mean square successive difi^erence test was ^plied to the 
data, and the agreement between actual and theoretical was good. 

To further test independence of successive readings, 127 one second 
counts were made in the laboratory (Table A-3) where there was virtually no 
lapse between the intervals (2.2 psec dead time between channels) . The test 
was repeated using one-half second intervals (Table A-4). The results shown 
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Natural radiation histogram measuremei 
illustrating normal distritniUon of c 




BVTHRii 



Figure A-2. Sample st andar d deviation versus sample 



TABLE A-1. COMPARISON OF RESULTS FOR RUNS UP AND DOWN 


Measurement 

Values 1 

— 

Actual 

Hieoretical 

Runs of All Length 

62 

66.3 

Runs of Length One 

38 

41.92 

Runs of Length Two 

17 

17.6 

Runs of Length Three 

6 

5.77 

Runs of Lci^th Four or More 

1 

1. 33 

Standard deviation of 12 runs of all length ■ 3.29 


TABLE A-2. COMPAIlISON OF RESULTS FOR RUNS ABOVE AND 

3ELOW THE MEEIAN 


Number of Runs of All Length 

Values 

Actual 46 

Theoretical 51 

Let^ 1 

11 

12.5 

Length 2 

4 

G.25 

Test 1 Length 3 

4 

3.12 

Length 4 

1 

1.56 

Length 5 

3 

1 

Length 1 

12 

12.5 

Length 2 

3 

6.6 

Test 2 Length 3 

3 

3.12 

Length 4 

2 

1.5(i 

Length 5 

3 

1 

Standard deviation of runs of all length « 4.97 
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TABLE A-8. TB8T RB8ULT8 OP 127 ONB SECOND COUNTS IN 
LABORATORY (RUNS UP AND DOWN') 


Msararements 

Values 

Actual 

Theoretical 

R<ma of All Length Teat 1 

02 

84.83 

Teat 2 

86 


Testa 

87 


Rims of LengUi 1 Test 1 

64 

53 

Test 2 

56 


Testa 

68 


Runs of Length 2 Test 1 

24 

23.05 

Testa 

22 


Test a 

28 


Runs of Length a Test 1 

8 

6.57 

Testa 

0 


Testa 

4 


Runs of Length 4 Tert 1 

1 

1.42 

Testa 

1 


Testa 

0 



Standard Deviation oCRuna of All Length » 4*71 

Three testa each oompiiaing 127 cmwecutive 1 aeornid Intervals 


TABLE A-4. TEST RESULTS OF 127 ONE-HALF SECOND COUNTS 
IN LABORATORY (RUNS UP AND DOWN) 


Measurements 

Values 

Actual 

Theoretical 

Runs of All Lei^ith 

81 

84.33 

Runs of length 1 

45 

53.00 

Runs of Length 2 

20 

23.05 

Runs of Length 3 

6 

6.57 

Runs of Length 4 

1 

1.42 


Standard devlatimi Cor Runs of All Length ■ 4.71 
127 oonseottive 1/2 second readings 


















In FigarM A-S and mow no indieatton of dopendoi oe of ono valuo on the 
preceding value. The mean square suooessive dlfforenoe testa showed entirely 
reasonable values for the test statistic (mp>^}dn)ately a 23 percmt rhanco that 
the statistle would have had a greater dovfaUon for a random procemt). 


lo>2IN. 


I . 


SLO^S • -M23 


So - 34 m. 


WCHCSOrCOAl 


Figure A*3. 2o limit? for measuring 3 1/4 in. coal using 
1 sec counts and 4 sec counts. 







COAL DEPTH MEASUREMENTS USING NATURAL RADIATION 


Surfacuti wore prepared on the roof and floor of the Bruceton tost area* 

At each prepared surfaoe» a total of SOO one second counts were made* As 
explained earlier* the coal thickness was measured In a shielded and unshielded 
configuration* Figure 16 shows the average of SOO readings taken at each coal 
thickness on the ceiling* The solid line is a least square quadratic fitted to 
these points for both oases* 

Figure 17 shows die tests performed on the floor* Except fbr the 
unshielded case on the floor* the curves are close to each other in shape as 
Judged by the coofftcionts of the first and second powers of X* 

The large number of measurements taken for each coal depth allows close 
estimates to be made of the population mean and standard deviation* The 96 per- 
cent confidence limits are shown in Table A-5* 


TABLE A-6* 99 PERCENT CONFIDENCE UMITS FOR 
ROOF MEASUREMENTS* SlflEIiDED 


Inches of Coal 

Sample 

Moan 

Sample 

Standard 

Deviation 

Population 
Mean* p 

Population 
Standard 
Deviation, a 

0 

86*51 

9*25 

85. 12 “ M = 87. 89 

8s3G w 10.32 

2 3/4 

60.21 

7.59 

r>9e07 « jl 4 Gle 35 

6.86 o« 8.48 

3 1/4 

52*30 

6*91 

51.26 « 53.31 

6.24 cr^. 7.72 

4 1/2 

11.67 

6.47 

13.7 * p 15.64 

5.85 (T« 7.22 

0 1/4 

32.72 

5.62 

31*87 -p « 33.56 

5. OS - ot' 6.275 

8 1/2 

32.17 

5.49 

31.35 « p « 32.99 

4.96 r. (T== 6.13 

10 1/4 

25.77 

4*72 

25.06 » p « 26.48 

4.27- a- 5.27 

11 

28.49 

5* 32 

27.69- p » 29.29 

4.81 ^ 5.9-1 


Accuracy can bo increased by increasing Uio number of counts. It can be 
shown that if tlie counts, for a given coal depth* arc incroaseti by a factor K, 
then the standard deviation of tlie dcpUi of coal Indug measured is decreased by a 
factor of 1/K. Tlds is based on a straight line approNlmation to Uie curve over 
a small region. This reduction in coal dt'|)Ui error is illustrated in Figure A-3 
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for a measurement of 3 1/4 in. of coal based on 1 see and 4 see counts of data 
in Figure A-4. Note that while the standard deviation of the 4 sec count point is 
greater foan that of the 1 sec count curve, a reduction in error is adiieved 
because foe slq[>e of foe former is steeper than that of foe latter (-26.43 versus 
-6.52). 


In an effort to reduce foe dispersion of foe coal depth measurements, a 
moving average was calculated for foe shielded ceiling data for a coal depth of 
3 1/4 in. This is equivalent to an experiment wherein a 3 1/4 in. slab of coal is 
being measured by a moving sensor at foe rate of one measurement per second. 
Each point (1 sec separation between points) shown is the average of foe last 
10 data points. It can be seen that foe error in coal depth measurement does 
not exceed 1/2 in. when using this method (Fig. A-4). 
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